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ELECTROMAGNETIC INDUCTICON L ) _—

The theory of electromagnetic induction
is not new. The use of highly portable, reliable, and simple equipment to
collect electromagnetic data is a recent development, however. The most
commonly used equipment is manufactured by Geonics, Ltd. The Geonics EM-34XL is
the instrument we will be using at the Delta Site. The EM-34XL requires two
persons to operate.

The Geonics equipment operates by energizing a transmitter coil with an
alternating current. The freQuency of the aiéernating ﬁurrent is in the audio
range. The current in the transmitter coil produces a primary magnetic field
which induces current to flow in loops beneath the coil. These currrent 1oopsr
generate a secondary magnetic field, the intensitj;af which is measurea by the
receiver console and coil.

The magnitude of the secondary magnetic field sensed by the receiver is a
function of the intercoil spacing (distance betweeniﬁransmitter and receiver
coils), operating frequency, and ground conductiVity.r Under certain conditions,
such as those incorporated into the EM-34XL, this function is rather simple. In
general, the ratio of the secondary to primary magnetic field is linearly
proportional to the terrain conductivity. This makes it possible for the
receiver to read directly in units of conductivity., The units of conductivity
are milli-mhos per meter (mmhos/m) or milli-Seimens per meter (mS/m). This is
the inverse of resistivity units, which are expressed as ohm-meters or ohm-feet.
To convert conductivity wvalues to resistivity wvalues, divide the conductivity
number into 1000. Thus, a conductivity value of 3 mmho/m is equivalent to a
resistivity value of 33 ohm-meters or about 1100 ohm%feet.

The EM-34XL can make a total of six types of measurements. These
correspond to intercoil spacings of 10, 20, and 40 meters in both the vertical

and horizontal dipole configurations. Two types of readings, referred to as the
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vertical and horixontal dipoles, are made for each intercoil spacing. The
dipole is an imaginary axls passing through the center of the coil perpendicular
to the plane of the coil. Thus, if the ceil is lying flat oﬁ the ground, it is
in the vertical dipdle mode. If the coil is standing up on end, it is in the
horizontal dipole mode. This concept is illustrated in Figure 9.1.

The conductivity value measured by the receiver is termed the apparent
conductivity. It is called apparent conductivity because it is a function of
the conductivity distribution of earth materials below instrument. For example,
at the Delta Landfill the earth changes character with depth going from soil to
weathered bedrock to bedrock. Each of these materials has a different
conductivity, but the meter only senses one conductivity value. This value is a
complicated combination of all materials below the instrument.

In general, as the distance between the receiver and transmitter coils
increases, the depth of Investigation increases., The depth of investigation is
the depth of investigation is the depth at which the apparent conductivity
measured by the receiver is no longer affected by changes in earth ma rials.

As a rule of thumb, the depth of investigation is 1.5 times the intercoil
spacing for the vertical dipole configuration (coils flat on the ground) and
0.75 times the Intercoil spacing for the horizontal dipole configuration. Thus,
for the EM-34XL the depth of investigation ranges from 7.5 meters (10 meter.
horizontal dipcle reading) to 60 meters (40 meter vertical diﬁéle). Thérvarious
depths of investigation for all readings are shown in Table 9.1.

It is apparent from Table and the previous discussion tha£ there is a
distinet difference between the verﬁical and horizontal dipole readings. Not
only are the depths of investigation different, but the way in which subsurface
materials contribute to the reading is different. The horizontal dipole reading

is affected by near-surface materials more than by deeper materials. The
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Table 9.1.

8

Approximate depths of investigation for the EM-

34XL.

Intercoil Spacing

Exploration Depth in Meters (feet)

{meters) Horizontal Dipoles Vertical Dipoles
10 7.5 (25) '15.0 (50)
20 15.0 (50) 30.0. (100)
40 30.0 (100) 60.0 (200)
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vertical dipole reading, on the other hand, is affected more by &eep earth
materials and is not affected by shallow materials.

Under ideal circumstances, where the water table is some distance below the
land surface, the yertical dipole configuration woﬁld give the best results for
groundwater studies because the overall apparent conductivity reading would be
heavily weighted at or below the water table (in the potential contamination
zone). Unfortunately, some human limitations prevgﬁt the vertical dipole from
being as useful as it could be because the EM-34XL coils must be kept co-planar.
Deviations from these conditions are not a problem,with the horizontal dipole
configuration, but can cause serious error in the vertical dipole orientation.
Because of these potential use difficulties of the vertical dipole, it is
generally good practice to use both the horizontal and vertical dipole in every
investigation.

The relationship between the horizontal and_yeitical dipole readings and
their respective weighting functions can be described mathematically. The
weighting functions are illustrated graphicélly Figﬁre 9.2. The horizontal
weighting function has its maximum value at the land surface and decreases
exponentially with depth. The vertical dipole, curve, on the other hand, has a.
value of zero at the surface, increases to its maximum value at a depth of about
1 percent of the intercoil spacing, and then decreases with depth.

The weighting functions sﬁown in Figure illustrate that the horizontal
dipole reading 1s very sensitive to changes in soil conductivity. Thus, changes
in so0il moisture can greatly affect apparent conductivity. The vertical dipole
reading, on the other hand, in insensitive Eo soil conditions. This reading
would be affected more by water-table fluctuations than the horizontal dipole

reading.
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Figure 9.2. Weighting functions for the vertical and horizontal

dipoles.
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FACTCRS AFFECTING APPARENT RESISTIVITY e paam oI T T

Natural Influences S o e T

Rocks and minerals that make up the soil, uncdnsolidated material, and
bedrock are insulétérs exhibiéing a very high resistivity. There are exceptions
to this rule, such as certain conductive minerélé-(ﬁ;gneéite, graphite, and
pyrite) and clay. If these c?ndu;tive minerals are not present the apparent
conductivity or resistivity measured at the surface»is determined by the
following: - |

1. clay content, clay type

2. moisture profile with deth

3. moisture salinity

4, moisture temperature
0f these properties, the moisture profile with depth is the most complex as it
describes the way in which the provsity; the saturation; and the number, size,
and shape of interconnecting passages all vary with depth. The moisture profile
is affected by material typed, topography, compactién and season.

In practice, it is sufficient to be aware of a few key relationships when
designing a geophysical survey or interpreting geophysical data. These can be
summarized as follows:

1. Apparent conductivity is proportional to the fluid cod&uctivity of soil

or ground water.

2. Apparent conductivity is proportional to the degree of saturation of

the soil and the height of the water-table in an unconfined aguifer.

3; Apparent conductivipy‘is proportional to the degree of fracturing in a2

hedrock Aquifer.

4. Apparent conductivity increases with the clay content of soil or rock.

The first relationship is the underlying reason wy EM are so widely used to
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trace groundwater contamination. Many forms of groundwater contamination raise
the electrical conductivity of the groundwater. Even those contarminants that
are not electrolytic such as organic compounds, are often associated with
electrolytic chemicals. Because of these two facts, most forms of groundwater
contamination have the potential tc iIncrease the apparent conductivity of the
aquifer, but the measured effect is concentration dependent.

A good example of the effect of moisture content on EM readings was shown
at a landfill site in Maryland. Data were collected along a portion of the EM
perimeter traverse around a landfill prior to and after a significant rainfall
event. The apparent conductivities for the 20 meter horizontal dipole
configurations were plotted and the pre-rainfall readings exhibited the lowest
apparent conductivities at each station, while the readings taken just after the
rainfall were the highest. A third set of readings was taken one week after the
rainfall event. The apparent conductivities were lower than immediately after
the rain but had not returned to the pre-rainfall values. The cause of the
elevated readings taken immediately after the rainfall was the increase in soil
moisture content and a slight rise in the water-table,

The third relationship is one of the most important to consider when
conducting a geophysical survey in fractured rack terrain, As the degree of
fracturing increases, so does the apparent conductivity. When studying
groundwater contamination in fractured rock, this relationship often causes a
double anomaly. That is, the fractured zones are the main conduits of

The contaminated groundwater

groundwater flow and thus contaminant transport.
associated with these zones increases the Aﬁpareﬁt conductivitj still higher.
The final relationship, that increased clay content raises apparent
conductivity, causes problems when conducting a geophysical survey in a sand and
gravel aquifer. Clay lenses and beds are often associated with sand and gravel

aguifers. Thus, 2 high conductivity anomaly encountered in a geophysical survey
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in these areas could be caused by a thick clay lens or by contaminated -
groundwater. There is really no way of telling, without good geologic control,
i.e., drilling. The occurrence of clay lenses is not expected to be an issue at

the Delta site as the geology is composed of weathered and unweathered bedrock,

Source of Interference = ‘ . R -

Emn readings are affected not only by naturalaphenomena such as changes in
soil moisture content, but. also by man-made source; of interference. These
interferences should be avoided where possible or their effects should be
guantified. The three most common sources of interference are 1) power lines,
2) large metallic objecté such as fences or buiidi;gé; and 3) buried utilities
such as pipes and cables. 7

In area where the exact location of underground utilities is unknown, the
EM readings can often be useful in locating these ébjecté. When apparent
conductivities exceed 30 to 50 mmho/m or the reading appears to be less than
zero (called reversed polarity), a buried structure is indicated.

Knowledge of the location of interferences is important when designing a
geophysical survey. If the geophysical data are cbilected iﬁ areas unaffected.
by man-made interferences, interpretation of the daﬁa will be much less

troublesome.

AR300510.




REFERENCES

i Keller, G.V., and F.C. Frischknecht, 1966. Electrical Methods in Geophysical
Prospecting, Pergamon Press, New York, p. 523.

{ McNeill, J.D., 1980. Electromagnetic terrain conductivity measurement at low
' induction numbers, Geonics, Ltd., Technical Note TN-6, pp. 15.°

Telford, W.M., L.P. Geldart, R.E. Sheriff, and D.A. Keys, 1976. Applied
Geophysics, Cambridge University Press, New York, p. 860.

AR30051




APPENDIX G
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OPERATING INSTRUCTIONS

CLYMPIC WELL PRORE
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. HANG-UP IN THE WELL CASING HARDWARE. WHEN THE WATER LEVEL REACHES THAT POINT JU

" MOVING THE ELEMENT TIP UP AND DOWN FRACTIONALLY, WHILE OBSERVING THE SELECTED

© INTERVALS AND ARE CODED AS FOLLOWS!:
' ' CIITEEEE MW EEEwmT
EAacH WHITE = 10 FEET -- MEASURE FR
= ROM
EacH ORANGE = 50 FEET MIDDLE OF BAND
EacH GReew = 100 reeT . EEE -
EacH BLue = 500 FeeT

|
1

|

!
}

' JURVEYS AND USAGE PROGRAMS. BY PLOTTING THESE READINGS IN GRAPH FORM, SEASON

RCTAT corroration @/ym/u'c

P.O. Box 5542-Bellingham, Wa. 98227
WELL PRO.
{206) 676-96235 ]

OPERATING INSTRUCTIONS

Your Orympic WELL PROBE 1S A PRECISION INSTRUMENT DESIGNED TO PROVIDE MANY
YEARS, OF RELIABLE SERVICE WHEN PROPERLY HANDLED AND MAINTAINED. KEEPING THE
INSTRUMENT, CABLE AND ELEMENT CLEAN AND CAREFULLY STORED WHEN NOT IN USE AND
REPLAC ING THE BATTERY ONCE A YEAR WILL FURTHER EXTEND THE RELIABILITY. ALTHOUC
BATTERY LIFE SHOULD BE GOOD FOR A YEAR, HEAVY USAGE COULD REQUIRE EARLIER
REPLACEMENT. THIS CAN BE ACCOMPLISHED BY REMOVING THE THREE SCREWS RETAINING TF
FACEPLATE., THE 9 VOLT BATTERY IS MOUNTED ON THE REVERSE SIDE.

CHECKING WATER LEVELS IS QUICK AND EASY WITH THE Ouympic WeLL ProBe. AcCcCESs
FOR LOWERING THE PROBE ELEMENT INTO A WELL CAN USUALLY BE GAINED THROUGH A VENT
OR INSPECTION HOLE IN THE WELL SEAL. IF NO’AQCESS' I'S AVAILABLE, THEN REMOVAL OF
ONE RETAINING BOLT IN THE SEAL WILL PROVIDE ENTRY.

WITH THE SWITCH TO THE LIGHT OR BUZZER POSITION, THE ELEMENT 15§ LowERED.r
THE WELL BY PULLING THE CABLE FROM THE HAND HELD REEL. THIS METHOD WILL PROVIDE
THE NECESSARY “FEEL” AS THE ELEMENT DESCENDS AND WILL BETTER INDICATE ANY POSSI

ABOVE THE INSULATOR SLEEVE ON THE PROBE ELEMENT TIP., THE BUZZER OR LIGHT WILL
INDICATE CONTACT. CABLE MEASUREMEMTS ARE CALIBRATED FROM THAT JUNCTION POINT.

INDICATOR., WILL LOCATE THE WATER LEVEL. COLORED BANDS ARE LOCATED AT FIVE FQOT

EXAMPLE: ONE GREEN, ONE ORANGE., TWO WHITE = 170 FEET. INTERMEDIATE FIVE
FCOT MARKS ARE SHOWN AS AN ORANGE BAND SUPERIMPOSED ON A WHITE BAND,

FOR WELL OWNERS AND THOSE RESPONSIBLE FOR MAINTAINING WATER WELL SYSTEMS, Tt
"ERI{ODIC RECORDING OF WATER LEVEL READINGS CAN PROVIDE VALUABLE INSIGHT FOR “E

TRENDS ARE CONVENIENTLY ILLUSTRATED AND PRUDENT WATER MANAGEMENT CAN BE INITIATE
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OPERATION AND MATNTENANCE INSTRUCTIONS
SOIL TEST MODEL 0484

WATER LEVEL INDICATOR
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DR-T604,DR-T760M, IR-T€

TR 0 DR-T62AM
IEVEL INDICATOR

MODEL

= ®

Technical Data

IIIIlIl

2205 Lee Street s P.O, Box 931 Evanston Illmo;s 60204 LL.S.A.
U.S. {800) 323-1242 « lllinois (800) 942-3374
- (312) 869-550 « Talex: 687-1537 SOILT UW
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1. GENERAL .

The DR-7604, IR-760AM & DR-T62AM, Water Tevel T;.ndicatnrs gre self cohtained;
transistorized, battery operated instruments for determination of water level
in bore holes and wells. Ko ground or outside ower connections are needed.
The units are mounted in rugged, convehient spooi—ﬁ‘pe reel which is gls0o used
for cable handling. A . high strength durable, coafe&. cable that hes black
‘Tumerals every five feet (or two meters) facilites determination of depth.

The corrosion resistant probe with a stainless steel tip generates a weak
voltage when immersed in water. This voltage is amplified through a
transistorized circuit and is reed directly on the meter.

The required power source is a { 1/2 volt pen-light battery, with a button
for the battery.

2. OPERATION

Turn power switch "ON". TIower probe into the wall or borehole wntil a sharp
deflection is shown on the meter. -

Read the wire marker to determine depth of probe at peoint of needle
deflection and record.

NOTE: By lowering probe until cable begins to slack, the depth of well or
borehole is determined. A subsidiary scale or rule with an available raenge of
5 ft. {or 2 meters) may be used to measure distance from ground level to first
marking on the ceble above ground. This distance should be subtracted from the
first reading on cable above ground to obtain correct depth of water from
ground level. ‘

Model DR-760A is supplied with 300 ft. cable and DR-TEOAM with a 92 meter
cable. Model DR-762A is supplied with 500 ft. cable and m—762M with 152 meter

cable.
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- 3.1 Cut cable at a point 2-3 inches above probe.

3. MAINTENANCE -~ PROBE

Keeping probe clean will extend life of the unit. If ii's necessary to

change the probe, polerity must be maintained.

3.2 Ther will be two (2) wires in the cable. _

3.3 Splice copper to copper and silver to silver, above the 7probe.

3.4 Solder and tape splices. 7 _

3.5 (Consider (add or subtract) the splice lengih when making depth
determinations.

3.6 To clean the probe of oil contamination, dip in dilute hydrochloric

acid.

4. MODEIS AVATLABIE

DR-760A Water Level Indicator 300 feet.
DR-T60MM  Water Level Indicator 92 meter.
IR-7624 Deep Probe Water Level Il;xdicator 500 feet. R -
DR-762AM Deep Probe Water Level Indicator 152 meter.

5. SPARE PARTS

5.1 ZProbes

DR-763A spare probe for DR-T760A and DR-T60M lead weighted probe and short
length of attachment cable. Tip diameter .220".

DR~764A replacement probe and section; weighted and segmented. Similar to
that on DR-T62A. Can be used on DR-T60A, DR-760M, DR-762A and DR-T62M.
Includes short length of attachment cable. Probe diameter .412".

5.2 Replacement Czble — (Probes not included)
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CALTBRATION, OPERATION AND MAINTENANCE INSTRUCTIONS
¥SI MODELS 33 AND 334

SPECIFIC CONDUCTANCE AND TEMPERATURE METER
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YSI MODELS 33 AND 33M S-C-T METERs @

GINERAL DESCRIPTION

The YSI Model 33 and 33X E-C-T Meters iare portable,
battery powered, transistorized instrumpents designed to
accurately measure =alinity, conductivity and tempera-
ture. They usze a probe consisting of a rugged, plastic
copductivity cell and a precision YSI thermistor temp-
erature sensor coabined in a single unit.

Conductivity with the Xodel 33 ix expressed as micro-
ahos/centimeter; with the 334, it is millisiemens/
meter (m$/m). Theze are measurements of the electrical
conductance the sample would show if measured lbetween
opposite faces of 2 1 cm cube. {Conversion informaticn:
1 micromho/cm = 0.1 =S/m.} Salinity is the number of
grams of salt/kilogram of sample {(ppt .= parts per
thousand). This wmeasurement assumes the sample con-
tains a "standard" sez water salt mixture. The sarmple
temperature iz measured in degrees Celsius.

Salinity measurements are manually temperature compen-
sated by direct dial. Conductivity measurements are
not temperature compensated; however, a temperature
function is provided on the instrument to aid with
calculation of corrections. When temperature and con-
ductivity are knowe, it is possible to calculate sal-
inity: and when only temperature and salinity are
known, it is possidle to caleculate conductivity. This
is discussed in the sacion on Recalibration.

SPECIFICATIONS
Model 33 Conductivity

Ranges: O to 500 (x1), O to 5,000 {(x10), and O to
50,000 micromhos/cm (X100) with YSI 3300 Series Probes.
(Note: The “micromho” designations on the meter are a
shorthand fors for "micromho/cm™.j

Accuracy: {See Error Section)
+2.5% max. error at 500, 5,000 and 50,000 plus. probe.
+3.0% max. error at 250, 2,500 and 25,000 plus probe.

Yeilow Springs, Ohio 45387 USA « Phone 513 767-7241 + Telex 205437

INSTRUCTIONS

Readability:

2.5 micromhos/cm on 500 micromho/cm range.

25 amicromhos/cm on 5,000 micromho/ce range,
250 micromhos/cm on 50,000 micromho/¢m range.

Temperature Compensation: None,

Nodel 33M Conductivity

Ranges:

0 to 50 (x1), 0 to 500 (x1Q0), and C to 5,000 {x100)
n5/m with YSI 3300 Series Probes. '

Accuracy: (See Error Section)
+2.5% max. error at 50, 500, and 5,000 plus probe.
+3.0% max. error at 25, 250, and 2,500 plus probe.

Readability:

0.25 mS/m on 50 mS/m range.
2.5 BS/a on 500 mS/® range.
25.0 mS/m on 5,000 nS/n range.

Temperature Compensation: None.

Salinity

Range: 0-40 ppt in temperature range of -2 to +45°c,
within specified conductivity range of 0 to 50,000
ricroaho/ca (0 to 5.000 mS/m). See chart in section on
Recalibratioen.

lccnracg {See Error Section)
Above 4°C: +0.9 ppt at 40 ppt and +0.7 ppt at 20
PPt plus conductivity probe.

Below 4°C: +1.1 ppt at 40 ppt and +0.9 ppt at 20
ppt plus conductivity prode.

Readability: 0.2 ppt on 0-40 ppt range.

Temperature Cospensation: HManual by direct dixl from

-2 to +45°C.
Temperature Range: -2 to +50°C.

Accuracy: +0.1°C at -2°C, +#0.6°C at 45°C plus probe
(See Error Section)

Readability: +0.15°¢C at -29C to #0.379% at 45°C.

Power Supply: Two D-size alkaline batteries, Eveready
E95 or equivalent, provide approximately 200 hours of
operation.

Instrument Ambient Range: -5 to +45°C. A saximum error
of +0.1% of the reading per °C change in instrument
teaperature can occur. This error is negligikle if the
instrument is readjusted to redline for each reading.

Scientific Division 1
Yallow Springs Instrument Co., Inc. B8

T

I:l]l
H!

ot

AR300520

@




YSI 3300 Series Conductivity/Temperature Piobe
Nominal Probe Constant: K = 5/¢m (K = 500/m)
Accuracy: *#2% of reading fbr conductivity and salinity.

Error of +0.1°C at 0°C and +0.3%C at 40%c.

OPERATION
Setup

1. Adjust meter zero (if necessary} by turning the
bakelite screw on the npmeter face sc that the neter
needle coincides with the zero on the conductivity
acale,

2. Calibrate the meter by turning the MODE control to
REDLINE and adjusting the REDLINE contrcl so the meter
needle lines up with the redline on the meter face.
If this cannot be accomplished, replace the batteries.

3. Plug the probe into the probe jack on the side of
the instrument.

4. Put the probe in the sclution to be measured. (See
Probe Use.)

Temperature

Set the MODE control to TEMPERATURE., Allow time for
the probe temperature to come to equilibrium with that
of the water before reading. Read the temperature on
the bottor scale of the meter in degrees Celsius.

Conductivity

1. Switch to X100. If the reading is below 50 on the
0-500 range (5.0 on the 0-50 mS/m range), switch to
X10. If the reading is still below 50 (5.0 nS/m},
switch to the X1 scale. Read the meter scale and
nultiply the reading appropriately. The answer is ex-
pressed in micromhos/cm (=S/m}. Measurements are not
teaperature compensated.

Exanmple

Meter Reading: 247 (24.7 mS/m)

Scale: X10

Answer: 2470 micromhos/cm (247.0 mS/m)

2. ¥hen measuring on the X100 and X10 scales, dspress
the CELL TEST button. The meter reading should fall
less than 2%; if greater, the probe is fouled and the
measurement is in error. Clean the probe and re-
ReasuTe.

NOTE: The CELL TEST does not function on the X! scale.

salinity

1. Deterpine the sample temperature and adjust the
temperature dial to that value,

2. Switch to x100., If the reading is above 500
microgrho/ce (50 mS/m), the salinity value is beyond the
Reasurenent cange.

3. 1t the reading is in range, switch to SALINITY and
read salinity on the red 0-40 ppt meter scale.

4. Deprese the CELL TEST button. The fall in wmeter
reading should be lezs than 2%; if it is greater, the
probe is fouled and the measurement is in arror. Clean
the probe and re-measure.

ﬂ___——#

Error

Thg maximum error in a reading can be calculated by
using the graphs in the following sectiens.

Temperature Error

The tezperature scale is designed to give the minimua
salinity error when temperature readings are used to
compensate salinity measureaenta,

Figure g. shows total error for probe and instrument
versus “C meter reading. .

1%
ERROR
°c READING

TIGURE 1
Example:
Meter Reading: 15°C
Total Error: 0.4%
Accuracy: 159C +0.49C tor probe and instrument

cophined.

Copductivity Error

Figure 2 shows the worst~case cohductivity srror as a
function of the conductivity reading for the probe and
instrument corbined.

L =
[} “‘-~.“--h‘
% of Al
READING
L.
s i i 1 L 1
* e »E > L "o
micromhos/ca X SCALE
{o re 70 o3 © »)
a3/ x SCALE
FIGURE 2
Example
Meter Reading: 360 micromhos/ce {35 mS/m)
Scale: X10
% Reading Error: +4.5% -
Accuracy: 3600 +162 micromhos/em (360 +16.2

m5/n) for probe and instrument
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Salinity Error

The salinity rezdings are 2 funetion of temperature and
conductivity, therefors the accuracy is a function of

both.

The temperature scale and temperature control have been
designed to minimize the temperature error contribution
te the salinity error. The error shown in Figure 3 is
the total of the temperature and conductivity probe,
the temperature scale and the salinity scale error,

.
L - \ 210+ C
\ -~ 410 ..Lc
% of < T o
READIRG
b _
e 1 1 ! |
L ] AL !C 0 40
PPt SALINITY READING
FIGURE 3
Example

MNeter Reading: 10 ppt, @ 109
% of Reading Error: 6.5%

CIRCULIT DESCRIPTION

The circuit is composed of two parts; a multivibrator
and switching transistors. The multivibrator produces
a square wavefora voltage. The square wave is applied
to two switching transistors. They alternately apply
two batteries of opposite polarity to the probe thus
providing AC power which minimizes polarization ef-
fects. The meter is in series with one battery and
measures the current from it. The current from the
battery is proportional to the conductance of the cell.
Salinity is measured in a special range conductivity
circuit which includes a user-adjusted temperature
compensator. In the temperature, redline and X1 posi-
tions, the multivibrator operates at 100Kz. In the
salinity, X100 and X10 positions the multivibrator
operates at 600Hz; in these ranges, pushing the CELL
TEST button drops the frequency to 100Hz, allowing the
operator to teat for probe polarization.

INSTRUMENT MAINTENANCE

The only maintenance required is battery replacement.
Two "D” size alkaline flashlight cells, such as Ever-
eady E95 or equivalent, will provide 200 hrs. of opera-
tion. Accuracy will not be maintained if zinc-carben
"D" cells are used. Battery replacement is indicated
when the redline adjustment cannot be accomplished.

Replace batteries every six months to reduce the danger
of corrosion due to leaky batteries. To replace bat-
teries, remove the screws from the rear cover. The

Accuracy: 10 ppt +0.65 ppt for all errors, battery holders are c¢olor coded. The positive end must
combined worst case. go on red.
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WG 200 17200 £ &g K2 %
T hS¥ KOTE 3 Dalas l——{' w73 e3t 33 12
L°,_‘_“'° cu&zw(‘h [—
'%’ . .’g: '"Ec'zllyw
g€ 2 .3 8 f —
£ »
= Q- = E i
2 -~
- o ; & 3 -
k3 ~Y
320 S 5l 58 S5t | 3
o1 5 S il S A es
> e
HE33> ‘
O} o
$ui=B 35/3 n
.f_
1300 SEMIES CELL
e 44048
T e3P 4
h - 3 B
I : L) B
S o 1.2'1 ) -f- -+ 2INS232
1.3V NOTE 3 ﬂ"‘“‘ zm
(e‘/" | ”_‘ 2
.__Hﬁ'__ - - 3232
am 17200 Ins232

NOTES:
Resistance values in ohms. K = 1,000. Resistors
are 1/2 W, 10%, unless cotherwise specified.

Battery is D size, alkaline only.
or equivalent.

Eveready E-95

This schepatic is representative and
may be slightly different from the
cireuit in your instrument.

YSI MODEL 33 AND 33N SCHEMATIC
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2. You may us¢ the resistor and capacitor heokup shown
in the sketch to substitute f{or the probe in the fol-
lowing recalibrationprocedure.

a. Set the instrument for a salinity nmeasurement as
normal.

b. Substitute a 1000 microfarad capacitor and 112.7
ohm 0.1% tolerance resistor for the probe.

Connect the resistor and capacitor between the green
wire and red wire on the jack cornections inside the
instrument.

GREEN WIRE 112782 1000 uf
L%
REOQ WIRE

¢. Turn the temperature dial! until the peter reads
redline.

d.okein!tall the temperature knob with ths arrow at
257¢C.

This is a temporary calibration onrly. Return the in-
strument to the factory for proper recalibration.

YSI 3300 SERIES CONDUCYIVITY/TEMPERATURE PROBES
Description

These probes are designed and constructed for rugged,
accurate service in field use. The conductivity cell
constant is 5.0/cm (500.0/m} +2%. Each probe contaips
a precision YSI thermistor temperature semsor of +0.1°¢C
accuracy at 0°C and #0.3°C at 40%¢. The lov capaci-
tance cable aszsembly terminates in a three terminal
0.25" dia. phone plug.

The 3310 has a 10 foot cable and the 3311 a 50 foot
cable. Other lengths are available on special order.

The probe has a rigid P.V.C. body, platinized pure
nickel slectrodes., and a rugged cable.

Cleaning and Storage

Cleaning

When the cell test indicates low readings the probable '

cause is dirty electrcdes. Hard water deposits, oils
and organic matter are the most likely contaminants.

For convenient normal clearing soak the electrodes
for 5 minutes with a locally available bathroom tile
cleaping preparation such as Dow Chemical "Bathroom
and Chrome Cleaner,” Johnson Wax "Epvy, Instant Clean-
er,” or Lysol Brand "Basin, Tub, Tile Cleaner.®

For stronger cleaning a % minute soak in a sclution
made of 10 parts distilled water, 10 parts isopropyl
alchol and 1 part HC1 can be used.

Always rinse the probe thoroughly in tap water, then in
distilled or deionized water after cleaning and before
storage,

CAUTION: Do not touch the electrodes inside the probe.
Platinum black is soft and can be scraped off.

If cleaning does not restore the probe performance,

-replatinizing is required.
Storage ‘

It is best to s=tore conductivity cells in deionized
water. Cells stored in water require less frequent
platinization. Any cell that has been stored dry
should be soaked in deionized water for 24 hours before
use.

Replatinization
1. Clean the probde.

2. Place the cell in a 50 ml (approximate) jar or
beaker and add enough YSI 3140 Platinizing Scolution to
cover the electrodes. Do not cover the top of the
probe.

3. Plug the probe into the Model 33 or 33M, svwitch to
the X100 scale to platinize the electrodes. Move the
probe slightly to obtain the highest meter reading and
continue platinizing for the approximate time shown
below:

Meter Reading Time in
micromhos/cn »S/n ainutes
30,000 3,000 )
25,000 2,500 (3
20,000 2,000 ]
15,000 1,500 11
10,000 1,000 16

4. After the elapsed time, remove the probe and rinse
in tap water, then in distilled or deionized water. .

5. Return the solution to its container. 2 oz.
solution should be sufficient for 50 treatments.

Probe Use and Precautions

1. Obstructions near the probe can disturb readings.
At least t¥o inches of clearance must be allowed from
non-metallic underwater objects. Hetallic objects
such as piers or weights should be Xept at least ¢
inches from the probe.

2. Weights are attached %o the cable of the YSI 3310
and 3311 Probes. The YST 3327 Weights are sypplied in
pairs with a total weight of 4 ounces per pair. Should
it becone necessary tc add more weight to overcome
water currents, vwe suggest limiting the total weight
to twe pounds {8 pairs). TFor weights in excess of two
pounds use ap independent suspension cable. In either
case, Wweights must be kept at least 6 inches away fron
the probe.

1. Geantle agitation by raising and lowering the probe
several times during a measurement insures flow of
specimen solution through the probe and improves the
time response of the temperature sensor.

Conductivity and Salinity Corrections for Long Cables

The additional length of wire in long cables adds
capacitance and resistance which will effect readings.
The recomxmended way to correct for these influences is
by use of YSI Conductivity Calibrator Solutions (see
below), which will permit an estimate of correct;
tactors. If these solutions are not available,
following tables can be used for the correction ol
errors cazused by cable resistance and capacitance on
special length versions of the 3310, 3311, $-17933 and
5-1612C probes.
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INSTRUCTION SHEET
¥SI 3160-3163
CONDUCTIVITY CALIBRATOR SOLUTIONS

Secondary standard solutions for the calibration of conductivity cells
together with conductance meters. Not for use as a food or drug. Do not
take internally. Contains: Reagent Water; 0.0002% Iodine {at the time of
manufacture) as an anti-microbial, and sufficient ACS Reagent Grade
Potassium Chloride to attain the target conductivity.

CATALOG NUMBER CONDUCTIVITY AT 25,00°C NET CONTENTS
YSI 3160 1,000 + 5 pymhos/em 1 US Gallon
YSI 3161 1,000 + 5 pwhos/em 1 US Quart
YSI 3162 10,000 + 25 ymhos/cm 1 US Gallon
YSI 3163 10,000 + 25 uwmhos/cm 1 US Quart
YSI 3164 100,000 + 250 ymhos/cm 1 US Gallon
YSI 3165 100,000 + 250 umhos/cm 1 US Quart

UNITS OF MEASURE

Resistance = ohms = ' Conductance = sieﬁen§v= S5 = mho

1 U8 Gallon = 3.785% 1 US Quart = 0.9462%

Conductance = l/Resistance = gl (sometimes written &)

1 $/m=0.01 mhos/cm=10,000 ymhos/em I,OOO,OOOVuthSHI,OUO mmhos=1 mhos

Solution Conductivity = (Conductance) x (Cell Constant) = 1/Resistivity

DIRECTIONS FOR USE

Temperature has a large effect on conductivity! Calibration should be per-
formed as near as practical to 25.00°C, preferably with a water bath to
control temperature. If room temperature is stable and between 207C and
30°C, the calibrator may be thermally equilibrated with the room, and then
the temperature may be measured at the moment nf calibration to i_0.010° or
as accurately and precisely as possible. Electrically "compensateg"
readings may be taken on instruments so equipped, though this is likely to
be less accurate because the temperature coefficient of the cowmpensator may
not match that of the solution, and because the circuitry of the compen-
sater introduces additional sources of electrical error. If the compen~
sator 1is adjustable, set it to 1,9%2/C* for ¥SI 3160-3163, and to 1.8%/C°
for YSI 3164-3165., To minimize compensator errors, calibrate as near as
possible to 25,00°C.

i

Yallow Springs instrument Ca,, 1c. BT
“Yellow Springs, Ohio 45387 USA « Phone 512 7677241 » Telex 205437 Y81
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DIP CELLS: Select a glass or plastic container several inches taller than
the working part of the cell and at least two Inches greater in diameter.
Clean and dry this container, then fill it to a depth at least two inches
greater than the height of the working part of the cell. Rinse the cell by
pouring a little calibrator solution iato and over the cell. Connect the
cell to the conductance meter and immerse the c¢ell in the calibrator solu-
tion. For approximately two minutes, stir the solution intermittently with
the cell and move the cell up and down to force liquid through the cell.
Take care to purge the cell of bubbles. Position the cell approximately in
the center of the calibrator solution, and at least one inch from any wall
or from the surface of the solution. Record the temperature reading and
record (or adjust) the conductance meter reading.

FLOW CELL: Purge the cell by passing ten to twenty times its own volume of
Conductivity Calibrator Solution through it. (The volume of any connecting
tubing or fittings must be considered part of the cell volume for this cal-
culation.) When the cell temperature is stable, record the temperature of
the cell and record or adjust the conductance meter reading. Micro cells
may give high readings if the solution is completely stagnant—-maintain
some flow of soclution through the cell during calibration, preferably the
same rate of flow as would be used to measure an unknown sclution.

FILL CELLS: Fill and empty the cell at least three times with the Con-
ductivity Calibrator Soluticn. When the cell temperature is stable (allow
at least two minutes), record the cell temperature and record or adjust the
conductance meter reading.
When calibration is complete, rinse and store the cell in distilled water,
or a dilute solution of HCl or KCl. The Conductivity Calibrator Solution
is now contaminated to some extent and must not be returned to the original
container.

CALCULATIONS: If the calibration was performed at 25.00°C or is ostensibly
corrected to 25.00°C, the meter reading for calibrator solution should have
been the mnominal 25.00°C value of 1,000, 10,000 or 100,000 ymhos/cm.
Ad justable meters can be trimmed to agree exactly with the nominal value of
the callbrator solution. If the meter is not adjustable, or is to be used
with several different probes, calculate a cell constant or a correction
factor as follows:

”_-;7Aétua1 Calibrétof Solution Conductivity
Cell Constant Conductance Meter Reading

Conductivity readings on unknown solutions with this cell and meter may
then be taken according to:

Solution Conductivity = (Conductance Meter Reading) x (Cell Constant)

For meters which presume a cell constant (not necessarily a round number)
and give a reading in conductivity, it 1is more practical to calculate a
correction factor:

Correction Factor = F = Actual Calibrator Solution Conductivity
Conductance Meter Reading

AR300526
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Unknown solution readings are_ then corrected by
Correct Conductivity = F x (Meter -Reading)

Note that meter calibration is a factor in all these readings-~-unless the
meters are accurately calibrated, different "cell constants" or correction
factors will be obtalned from the sSame cell and solution with different
meters, or even on different ranges of the same meter. For independent
callibration of conductance meters, use the YSI 3166 Conductance and
Resistance Calibrator Set. 1If the meter or meters are not independently
calibrated, the cell constant or correction factor calculated above will
apply only to the very cell, meter, range and mode (for meters which read
both in ohms and mhos) used in calibration. Calibrate each cell in each
range and each mode for best results.

When calibrating at other than 25.00°C, without temperature compensation,
use the Calibrator Seclution Conductivity at the temperature of calibration
(not the 25.00°C wvalue) in the eguations above. Refer to the section on
Temperature Effects, which follows.

Apart from errcrs due to conductance meter calibration, cell constants may
vary slightly with conductivity and with cell history. Calibration should
therefore be undertaken with a Calibrator Solution as near as possible to
that of the unknown solutions to be measured. TFor unknowns of very low
conductivity, wuse the 1,000 umhos/cm Calibrator Solutions, because lower
calibrator valueg are less stable and less well documented. Recalibrate at
six-month intervals, or following any visible change in cell condition.
Cell fouling, cleaning or replatinization may have a substantial effect on
cell constants, as will any mechanical bending or displacement of the
electrodes.

TEMPERATURE EFFECTS

Over the range 20°C to 30°C, conductivity of the Calibrator Solutions may
be calculated from the following equation:

Conductivity = {Conductivity at 25.00°C) x (A + BT + CT?)

where T = temperature in degrees Celsius, IPTS 68. Use these coefficients:

-

SOLUTICON 25.00° CONDUCTIVITY A B c
YSI 3160 and 3161 1,000 pmhos/cm . 0.,5407 00,0173 0.000043
YSI 3162 and 3163 10,000 ymhos/em 0.5538 0.0168 0.000042
YSI 3164 and 3165 100,000 pymhos/cm 0.5825 0.0157 0.000040

Nominal values are tabulated below by whole degrees. Interpolate linearly.

AR300527




TEMPERATURE  YSI 3160 and 3161  ¥SY 3162 and 3163  YSI 3164 and 3165

20°¢C 904 umhos/cm 9,066 pymhos/cm 91,260 ymhos/cm
21 923 9,251 92,980
22 942 9,437 94,730
23 961 9,624 96, 480
24 981 9,812 98, 230
25 1,000 10, 000 100,000
26 1,020 10,190 101,770
27 1,039 16,380 103,560
28 1,059 10,571 105,350
29 1,079 10,763 107,140
30 1,098 10,956 - 108,950

The following tolerances apply, whichever method 1s used to find conduct-
fvity:

TEMPERATURE RANGE YSI 3160-3161 YSI 3162-3165
24.5 to 25.5°C + 0.30% +0.25%
22.5 to 27.5°C + 0.35% + 0,307
19.5 to 30.5°C T 0.40% + 0.35%

NUMERICAL EXAMPLE

It is deslred to measure the conductivity of groundwater which is expected
to be in the range 3,000 to 8,000 umhos/cm at 25°C. YSI 3162 is selected
as an appropriate calibrator because it is 10,000 yumhos/cm at 25.00°C.
About 900 ml of YSI 3162 Calibrator Solution is poured intoc a clean and dry
1,000 nl Erlenmeyer flask. The flask is equilibrated to room temperature.
A dip cell is connected to a conductance meter. The cell is rinsed with a
small quantity of Calibrator Solution which is then discarded. The cell is
immersed in the Calibrator Solution. After two minutes of stirring, the
solution temperature is measured with a 0.1°C thermometer and found to be
22.1*°C. From the equation, the conductivity of the Calibrator Solution is
* then caleulated:

Conductivity = (10,000) [0.5538 + (0.0168)(22.1) + (0.000042)(22.1)2]
= 8,456 ymhos/cm

The tolerance of the Calibrator Solution at this temperature is + 0.35%.
The conductance meter reading is 9,200 mhos. Therefore, the cell constant
is calculated to be:

Cell Constant = (9,456 umhos/cm) / (9,200 pmhos) = 1.028 + 0.0036/cm

When a groundwater specimen gives a meter reading of 4,000 umhos, the
actual conductivity is

Solution Conductivity = (4;000 HUmhos)(1.028/cm) = 4,112 + 14 umhos/cm
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CALIBRATION, OPERATION AND MAINTENANCE INSTRUCTIONS

BECKMAN I 20 AND I 21 pH METER
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OPERATING INSTRUCTIONS
BECKMAN I 10 AND I 11 pH METERS
AND
I 12 pH/SE METER
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BECIKKMAN

$"10 pH Meter

$"11 pH Meter
$™12 pH/ISE Meter

pH MEASUREMENT: DETAILED INSTRUCTIONS

METHOCS: mpmw,u mdli’emmcnunpﬂhomohﬁm They will perform one- o7 two-
. ity, using any butter Reted beiow, at any empereture

between -5°C and 100°C.

STANGARD pH BUFFERS AECOGNIZED BY THE pHI 10, T1, AND 12:
189, 4.00, 700, Y01, 12.45.

TWO-POINT STANDARCIZATION METHOO:

Two-point siinderdizsiion, the prefsrred end more accurate method of pH mensuremant,
sholild be used when pH accuracy of bayend % 0.1 pH is required, Use buffers &3 closs
10 the sampie pH as possibie; one above, and bne below. (For exampie, f sampie pH is

about BS, use 700 and 1001 pH butters),

ONE-FOINT STAHDARDHZATION METHOD:

Onapoirt tandacdization, & somewhsl faster p dure, is recon ded only i (1),
sccuracy of tmpﬂunnhnecopuhlo.md(b) sampie pH e within 1.8 pH of that of the
butisr used for sandurdization,

pH MEASUREMENT PROCEDURE:
1. Connect slecirode(s) 1o appropriate input(s):
a. ¥ acombinetion electroos la used, connect {10 the INDut marked “pH™,

b Han slsctrove pair s usad, connect the Indicating slectrode Yo the input maried
“pH™ und the reference sectiods 1o the input marked “REF",

e For betwer accuracy, of whan meksuning -nd.bfdandmlxingnlhmpwuunol
other shan 25°C, connect a Bacs 558115 A
Compensaior probe o input marked “ATC",

b -

2. Press (03 )% tum on inetrument, then press (£ 1o clear Dispiay whi show [Cir, AUTO).
3 Rines slecarodels) (and ATC i used) with drionized water Biot excess.

& knmérse siscirode(s) (end ATC # ued) in first standard. Stir briefly with wlectrodes to
rerHicve DubbISE fromm HEctrode surfaces. Prese . Dispigyed pH value will have &
reeciution of 001, I{ 0.1 reeolyution i desired, press

5 Press , Whan [ap ] stops flashing, display will show [pH value locked,
>, P

-8 ﬁmdodrwq:)(mm;:mboﬂuud)wnh dalonized water. Blol sxcess. Procesd
1 BpETOpLiess Rep, d type of g

a. umnwammmnwum, inatrumen is resdy for sample
_messuremant; procesd ko Siep 9.

b. fmmmbdnind.prwwSWT

T - InWnesse siectroce(s) (and ATC If used) in second siandard. Stir brisfly with elactrodas
10 remave bubbies from stacirods surtaces. Prm[m When | @ ] iops lashing,
dispiay will show [pH value locked, ab . P ., ® )

8  Rinse slactrodels). (and ATC probe if used) with delonized water. Blot axcess.

9. |mmﬁst slectrode(s) (n;wd ATC 1 used) In sample. Stir bristly with slectrodes. Press
(5. When [a>] stops fiashing, display will show [pH value locked, @ |,
Nhuummhmcompmu Repest Steps 8 and 9, above, for sdditions! sampies,

10. W contiwucus pH monitoring is deaired. press (W) io turn off Auto Read function.




BATTERY REPLACEMENT

. & a
Your 410, 1%, or 12 is powsred by two 3.6 volt lithium batleries. Expected battary life is over 1,000 hours
of continuous operation Replacement battargs can be cbtained by ordsring Part No, 845754 trom your
local Beckman office. (fn U.S, call 1-800-742-2345).

Accap placement batteries are also available on & world-wide basis:
Mtr Part No.
Elsctrochem industries 38940TC
Power Conversion inc. TO8-41
Satt Advanced Battery Div. 158 -
Tadiran : - TL-2100 ANS

Locst supplisrs may be found in your talsphone direciory.

Note that these battarias are 38 volt lithium cells. Do not attempt lompllce'tham with 1.5 volt
alkaling or carbon-zinc cells.

hd
#inst dispiny Indi WMWW(E>NH¢:¢”&MMMMM&
turned on, battaries should be rapiaced: - CoLtTiTT o T IR

1. Removs 2 Phillips acrews and botiom cover from instrument.

2. Lift out old battaries.

3 Note {+ ) arkd {=) markings in battery :

4. Check { +) and {-) markings on battaries and insert as shown:

Seeriea munr Oy xpiaced ordy

s

15 5 nan-RaIsMous SBSATION.

:ml‘::‘l lﬂ\x with #i10 AL
L

£ =

5. Replace back covar und screws,

IMPORTANT: A “BREAK-IN" PERIOD OF UP TO 30 MINUTES 1S REQUIRED WHEN

SOME NEW LITHIUM BATTERIES ARE FIRST PLACED INTO SERVICE. DURING THIS !
PERIOD, THE LOW BATTERY SYMBOL AND SOME “"GHOSTING" MAY APPEAR ON
THE DISPLAY. IF §O, LEAVE INSTRUMENT ON FOR 20-30 MINUTES AND THEN
PRESS (¢ ). THE LOW BATTERY SYMBOL AND "GHOSTING" SHOULD DISAPPEAR.

TROUBLESHOOTING PROCEDURE \

-

. Disconnact electrode cable(s) from instrument. Press @b urn on instrument, then press @to
clear. Display shouid show [Cir, AUTOL. If not, reptace batteries per BATTERY AEPLACEMENT,
above. i instrumant iu still incperative, cali Service Hot Line: 1-B00-862-6217.

2. insert one #nd ol & papor G into the small hois in the corier of the "pH” input connector. Hoid the
olher end of the clip 1o the inside barrel of tha same connector as shown,

2 Press (). then [ZF}. The display shouid lock at pH 7.00, indicating & one-point standardizstion.
a. it instrumen! passes test, go o Step 4,
b. If ingtrument tals test, call Service Hot Line: 1-800-862-6217.

4, Reconnect pH slectrocde cable 10 “pH™ input connecion. Shart the input connector of tha cable.

Paper Clip

(101 E
pimiciy

o< Wi,

Prows (35 ) and then [TF). Dispiay should lock &t pH 700. Press (51, then remove papar clip.
Reading shouid drilt,
2. i Instrument paases test, ga to Step 5.
b. If instrument fails test, call Beckman Elacirochemisiry Applications:
1-800-854-8087 Quisica Cattornia
TH4-571.4848  Within California
5. Reconnect pH slaciradels). Imumerse siacirodels) In pH & bulfer and perform one-paint
standardization. Then immerse slectrode(s) In pH 10 butfer and take pH reading. At 26°C, the .
reading shouid be betwean 9.7 and 10.1 pH. a R 3 005 3 7
& If ("8 test 13 passad, the pH meter, cabie, and efectroce{s) ars functioning properly. .
b. it test Is faliad, the pH slecirode(s) must be rejuvensied of replaced. The electrode rejuvanation
necacice s e in the siscims ingtruction sheet. Afler rejuvenation, rtest




OPERATION, CALIERATION AND MAINTENANCE INSTRUCTIONS

HP-302 CPEN STREAM VELOCITY PROBE
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HP-302
OPEN STREAM VELOCITY PROBE

.-y

1

-“‘-, uﬂnnm*‘ .‘

5

FEATURES

LOW COST « ACCURATE » FIELD PROVEN « UNCOMPLICATED

DIRECT READING

* PORTABLE « RUGGED « TIME SAVING

APPLICATIONS:

SEWERS « INFLOW AND INF'ILTRATlON S

POLLUTION CONTROL

TUDIES INDUSTRIAL WASTE

* STREAM GAUGING « IRRIGATION MONITORING
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MODEL HP-302

OPEN STREAM VELOCITY PROBE

INTRODUCTION:

An accepted and field proven instrument, the HP-302 System consists of the PT-301 Hand-Held Probe and the FI-15P
Portable I[ndicator. It is designed for use in poifution control, hydrologicai, irrigation, sewer surveys, and simifar
activities requiring the measurement of open stream water velocities. Readings are instantaneous and accurate with na
counters, timers, or lengthy test periods required. No calculations or complicated electronic adjustments are necessary,
All readings are direct and may be made by unscientific personnel, Two ranges give improved accuracy. The Indicator is
light-welght, rugged, and spiash-proof, with a shoulder strap for easy carrying and one-hand operation. Qptional probe
extensions enable measurement of sewer flows from street level.

DESCRIPTION:

The PT-301 Prabe consists of a low inertia molded turbine mounted in a protective shroud at the end of an aluminum
handle. The turbine, when immersed in a flowing stream, rotates at a speed in direct linear relationship te the fluid
velocity. A small magnet sealed within the turbine hub produces an electrical pulse in an adjacent induction transducer
for each rotatlon. The frequency of these pulses is thus also a direct measure of the fluid velocity. The FI-15P Indicator
Is actually a portable frequency meter or frequency to DC converter, It amplifies and conditions the pulses to drive a
meter indicator in a direct refationship to their frequency. The indicator scale is calibrated to read in the desired units
of fluid velocity. The electronic systern is stable, accurate, and all solid state. It is drift-free and requires no operational
adjustments. All power is obtained from a set of 8 standard “C’* size flashlight batteries. The current drain is less than
that of &8 normal fiashlight bulb. The (ndicator is housed in a durable wood-grained Formica case with shoulder strap and

removahle cover.

RANGES:

Each instrument has two ranges with 0-5 and 0-10 ft. per second as standard. Optional ranges are 0-7.5 and 0-15 ft. per
second or the equivalent in meters, knots, or other units of measure, The threshold of aperation is approximately 0.25

ft. per sscond for all ranges. Accuracy is 2% of any range.

APPLICATIONS: o : . : —

Measurement of industrisl or municipal sewers, polluticn entering streams or rivers, stream veiocity for flood control,
flow patterns in filter beds, or even flow out of large pipes or ducts. The unique adjustable head of the probe aliows in-
sertion into pipe ends or for vertical velocity measurements. It also enables determination of direction of current in

complex stream flows. The small size of the turbine makes possible the measurement of streams as shallow as 1% inches.

These are features not possible with most other meters.

U. 5. PAT. NO. 4,030,359
OTHERS PENDING

ONE DEY LANE — RIVERDALE, NEW JERSEY 07457

WK KD INSTRUMENTS

CORPORATION 201-835.-5988
877
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MEAD INSTRUMENTS MODEL HP-302 OPEN STREAM VELOCITY PROBE

OPERATING INSTRUCTIONS: - -

1. Plug probe with its extension cable into the comnector
jack marked PROBE.

2. Turn ON power switch.

3. Check battery condition by momentarily placing the
BAT-TEST switch in the TEST position. Meter should
indicate in green area of dial for proper battery
voltage and accurate measurements. If indication
is below green area, the batteries are wesk and
should be replaced. :

4, Check operation of system by blowing on the turbine.

5. Adjust angle of probe head or shroud so that the
center-line of the turbine will be parallel with the
flow stream to be measured.

6. Immerse head completely in the stream, facing flow.
Note position of range switch when reading scale.

7. Conserve batteries by turning off power between tests.

8. Wash off probe in clean fresh water after each test
period, particularly after measurements in sewage,
salt water or other corrosives. After cleaning blow
on turbine to test its freedom.

MAINTENANCE:

As with any electronic instrument, it is essential that
the indicator and all electrical comnections be kept clean
and dry. Particular care must be taken around salt water.
If it is necessary to work in the rain, place a plastic bag
over the indicator. Show the instrument the respect it des-
erves and it will give many years of service, abuse it and
you will pay the price.

MAINTENANCE NOTES:

o Periodically check the turbine shaft with a small screw
driver. It should be "'smug" and not loose. (It is highily
recommended that a spare turbine and shaft be kept on
hand in case of loss. They are interchangeable without
recalibration.)

o If turbine fails to spin smoothly when blown, unscrew
shaft and clean parts thoroughly under running water.
Carefully replace parts. If turbine fouls with entrained
matter during a test, rotate the head 180° and often the
stream will flush out the material.

o When disconnecting cables, always pull on the body of the
connector, NEVER pull on the cable. A slight clockwise
twist of the comnector will help.

° CAUTION: When transporting this instrument in a
vehicle always place indicator on the seat or
other cushion. Do not place on floor or in trunk,
road shock can be detrimental to the meter.

ARFOOSL




MEAD INSTRUMENTS MODEL HP-302 OPEN STREAM VELOCITY PROBE .
BATTERY REPLACEMENT:

Regardless of use, the batteries should be replaced
annually or removed completely during periods of long
storage. The acid from over age batteries can be dest-
ructive to the equipment.

Standard "C" size carbon-zinc flashlight batteries
are normally supplied with the instrument. Battery life
is a function of usage and therefore not predictable,
but usually several months of service can be expected.
Replacement of the standard batteries with the more
expensive alkaline type, Eveready No. E93 or equal, will
extend the life at least four times.

REPLACEMENT :

1. Remove detachable 1nd1cator cover.
2. Turn indicator over on a flat surface.
3. Indicator assembly is retained in its case by a
single screw at the center of the underside. Remove
the screw and carefully lift the case off of the
indicator assembly.
4. Replace all eight "C" size flashlight batteries in
the holders. OBSERVE PROPER DIRECTION AND POLARITY.
5. Carefully replace case and retaining screw. .

CALIBRATION:

The calibration has been carefully set at the factory

. and will remain stable, if unmolested, for extended periods
of time. The calibration control is beneath the hole plug

at the lower left side of the indicator panel. This should
never be touched or readjusted without the proper measure-
ment standards. Re-checking will require an audio oscillator
whose frequency is monitored by a digital frequency meter.
The output of the oscillator is substituted for the probe
and applied at the PROBE jack. The test frequency will be
the full scale range of the indicator multiplied by the
calibration factor as shown on the Data Sheet. The voltage
of the applied test signal should not exceed 2 volts RMS.
The threshold if the indicator is normally less than 10 Mv.
If the proper test instrumentation is not available, the
indicator should be feturned to the factory for recalibration.

s @
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CALIBRATION AND MAINTENANCE INSTRUCTIONS
CENTURY 128 CRGANIC VAPOR AND ANALY?FR
METHCD NO. M-3R
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Method M - I

i - e oIt — e e e e e

1.0 INTFOLUZTION : -
ihe OVR is capable of responding to nearly 211 organic
compounds. For precise analyses it will be necessary to
calibrzte the instrument with the specific compoung of

i interest. This is especially true for meterizls contzining

. elerents other than carbon and hydrogen.,

3
oy

e instrument is factory calibrated to 2 methane in zir
andard. However, it can be easily and rapidly czlibrated
to 2 variety of organic compounds. A GAS SELECT contrel is
incorperated cn the instrument panel which is used to set

the electronic gain to a particular organic compouné.

tn

Internal electronic adjustments azre provided to czl ibrate

anZ align the electronic circuits., There are four (4) such
. adjustments all located on the electronics board. One

adiustment potentiometer, R-38, is used to set the power
‘ supply voltage ané is a one-time factory adjustment. The
i resaining three adjustments, R-31, R-32, and R-=33 are used
for setting the electronic amplifier gain for each of the
three (3) calibrate ranges. Access to the adjustments is
accompl ished by removing the instrument from its case.

2.0 REFERENCE

Foxboro Analytical, Instruction and Service Manusl - Model
Ovai28, Arkansas City, Kansas.

3.0 CALIBRATION

3.1 Electronic Adjustments

Primary calibration c¢f this instrument is accompl ished &t
the factory using methane in air sample gases.

3.2 Gain Adjustment . _

, a) Place instrument in normal operation with CALIBRATE
switch set to X10 and GAS SELECT control set to 300.

: b) Use the CALIBRATE ADJUST ({zero) kneb and adjust the
: meter reading to zero.

c) Introduce a methane sample ¢f a kneown concentration
g {near 100 ppm) and adjust trimpot R-32 on circuit board
t so that meter reads equivalent to the known sample.

d) This sets the instrument gain for methane with the .
panel mounted gain adjusiment (GAS SELECT) set at a
reference number. of 300,

AR3009LG
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e) Turn off Hé SUPPLY VALVE to put out flave,




Elzs REjreinent

&, cezve CLLIEREATE switch ¢h xnio

L 10 position &né uce
CLLIBRLTE ADLJUET {zerc: knob 4 zdiust meter reading to
4 ppm.

b} Plece CaLIBRATE switch in X1 positioen and, using
trimpot R-31 on circuit board, adjust meter reading to
¢ ppm.

cij Move CALIBRATE switch to X110 position egain. Use
CLLIBRETE ADJUST {(zero} knob to adjust wmeter %o =z
reading of 40 ppm. .

é¢} Meove CALIBRATE switch to X100 peosition and use trimpot
R-33 on circuit board to adjust meter reading to 40
ppm. ‘ o

e} Move CALIBRATE switch to X10 position and use CALIBRATE
ADJUST {zeroc) knob to adjust meter reading to zero.

£) Unit is now balanced from range to range, czl ibrated to
methane, and ready to be placed in normmal service.

MATINTENANCE
Fuel Refilling

2) The instrument should be completely shut down during
hvdrogen tank refilling operations, The refilling
should be done in & ventil ated area., Tnere should be
no potential igniters or flamne in the area.

b) If you are making the first £illing of the instrument
or if the filling hose has been allowed to fill with
gir, the filling hose should be purged with N, or Hp
prior to filling the instrument tank. This purging is
not regquired for subsequent fillings.

c¢) The £filling hose assembly should be left attached to
the bhydrogen supply tank when possible. Ensure that

the FILL/BLEED valve on the instrument end of the hose
is in the OFF position. Connect the hose to the refill
connection on the Side Pack Assembly.

d} Open the hydrogen supply bottle valve slightly. Open
the REFILL VALVE and the Hy TANK VALVE on the

instrument panel and place the FILL/BLEED valve on the
filling hose assembly in the FILL position, The
pressure in the instrument tank will nowbe indicated
on the H, TANK PRESSURE indicator.
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The hydrdaen trapped in the hose should nowbebles of
to atmospheric pressure. ChRUTIOK should be used ir
this operation &s described in Step (g) below, since
the hose will contain a 51gn1f1canL anount of hydrogen
at high pressure. |

The hose is bled by turning the FILL/BLEED valve on the
filling hose asserbly tc the BELEED position. After the
hose is bled cown to atmospheric pressure, the
FILL/BLEED valve should be turned to the FILL positicn
to 2llow the hydrecgen trappred in the connection
fittings to go inteo the hose assembly. Then, agzin,
turn the FILL/BLEED valve to the BLEED position and
exhaust the trapped hydrogen. Then turn the FILL/BLEED
valve tc OFF to keep the hydrogen at one atmosphere in
the hose so that at the time ¢f the next filling there
will be no a2ir trapped in the filling 1line.

Close the Hy TANK VALVE.

With the H, TANK VALVE and the Hy SUPPLY VALVE closed,
a small amount of H, at high pressure will be present
in the regulateors and plumbing. ARs a leak check,
cbserve the H TaNK PRESSURE indicator while the
remainder of %e system is shut down and ensure that
the prssure indication does not go dewn rapidly,
indicating a significant 1leak. If it does Secrease
rapidly (greater than 350 PSIG/hr.), there is a
significant leak in the E2Z supply system.

4.2 Battery Recharging

a)

b)

c}

Plug charger BNC connector into mating connector on
battery cover and insert AC plug into 115 VAC wall
cutlet. Never charge in a hazardous area or
enviromment. -

Move the battery charger switch to the OK position.
The light above the switch button should-illwuninste.

Battery charge condition is indicated by the meter on
the front panel of the charger; meter will deflect to
the right when charging. When fully charged, the
pointer will be in line with "charged” marker above the
scale.

Approximately one hour of charging time is required for
each hour of operation. However, an overnight charge
is recommended. The charger can be left on
indefinitely withcut damaginc the batteries. When
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cnashed, move the e ) : I svwitch to Or! zns
;aconnerst fron tne Side Peck lessenbliy.

L tn

he following zre cPecia*;Jn tructions relative Te
tteries which have been allowed .tc completely discharge.

It hzs been establishec that theiabove battery recharging
procedures may not be sufficient wnen the operator of the
instrument has inadvertently left the INSTR switch ON for =&
peiod of time without recharglnc and zllowed the battery to
cCompietely. dlshnaﬁce. o

Vhen this heppens gnd the above-procedures fail to recharge.
the battery, the following should be accomplished:

1) Remove the besttery from the instrument case.
2) Connect to any variable DC power supply.
3} Apply 40 volts at 1/2 amp maximum.

4) Observe the meter on the power supply frequently and as
soon as the battery begins to draw current, reduce the
voltage on the power suply at a slow rate until the
meter reads approximately 15 volts. NOTE: The time
reguired to reach the 15 volt reading will depend on
degree of discharge.

5) Repezt steps a), b}, ¢), and ¢) above to continue
charging. '

Filters
a) Primary Filter

This filter is located behinéd the sample inlet
connector (Fitting Assembly) on the Side Pack Assanbly
and is removed for cleaning by using a thin wall socket
to unscrew the Fitting Assembly. The filter cup, "O"
ring and leading spring will then come ocut. The porous
stazinless filter cup can then be cleaned by blowing out
or washing in a scolvent. If a solvent is used, care
shoulé be taken to ensure that all solvent is remncved
by blowing ouvt or heating the filter. Reassemble in
reverse crder ensuring that the "0O" ring seal on the
Fitting Assembly is intact.

b) Particle Filters

A particle filter is located in each pickup fixture.
One of these filters must be.in the sample line
whenever the instrument is in use. The Models OVA-88
and OVA-138 use 2 digsposable cellulose filter which
should be changed as often as reguired, The Models
o0vVa-96, OVR-108, OVA-188, &nd OVA-128 use a pcrous
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Mixer Berner Assexcbly Filter

Another porous metal particle filter is incorporated in
the Mixer Burner Assenbly which screws intc the Preanp
2ssembly. This filter ies used &s the sample mixer and
inlet flame arrestor in the chawmber. - This filter
shoulcé not become contanrinasted under normal conditions
but can be cleaned or the assembly replaced if
necessary.

Zccess to this filter for ouvutput surface cleaning is
gained by simply unscrewing the exhaust port from the
Preamp Assembly without removing the instrument from
the case. The OVR-108, OVa-128, and OVA-123B
instruments reguire removal of the safety cover prior
to unscrewing the exhaust port. The Filter Assembly
can now be seen on the side 0f the chamber (Preamp
Zssembly) and can be scrap ed or cleaned with a small
wire brush.

If filter replacement is reéuired, install a new or
factory rebuilt Mixer/Burner Assembly. 1In several OVA
models, this reguires removal of the Preamp Assembly.

Exhaust Flane Arreétor

A porous metal flame arrestor is located in the exhaust
port of the detector chamber (Preamp BEssemblyl. See
Side Pack Assembly drawing. It acts as a particle
filter on the chamber output and restricts foreion
matter from entering the chamber, This filter may be
cleaned, if reguired, by removing the exhaust port from
the Preamp Assembly, The exhaust port is removed from
the bottom of the case without case removal. Note that
the filter is captive to the exhaust port on the Models
oOva-~-108, OVA-128, and OVA-138. Clean the filter with a
solvent or detergent but ensure that it _is dry and any

solvent completely baked out at 120°F before

reinstalling.
Pickup Fixtures

The pickup fixtures should be pericdically cleaned with
an air hose and/or detergent water to eliminate foreign
particle matter. If a solvent is used, the fixture
should be subseguently cleaned with detergent and baked
out at 120°F to eliminate any residual hydrocarbons
from the solvent.

AR3005LSB
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The P1.101 is a non-destructive
analvzer; work in a heod if toxic or
hazardous gases are used, In the
interest of greater international
acceptance the HNU Model PI 101-100
Photoionizer has been certified by Siras
Safery Services Ltd. to conform to
Article 501-3 of the National .
Electrical Code to be non-incendiary
for Class 1 Division 2, Groups A, B, C
and D locations Effective.July 25,
1984, :

SIRA Approval #APL/33/84
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1.1

1.2

SECTION 1

GENERAL INFORMATION

INTRODUCTION

This manual describes the operation, maintenance and parts

EQUIPMENT DESCRIPTION

list for the Trace Gas Analyzer, Model PI 101, HNU Systems Inc.

The Trace Gas Analyzer {(see Figure 1-1), is a pertable
instrument wused to detect, measure, and preovide a direct reading
of the concentration of a variety of trace gases in many .
industrial or plant atmospheres. The analyzer employs the
principle of photoionization, , This process involves the
absorption of ultra-violet light (a photon) by & gas molecule

leading to ionization:
RH + hv --> RH+ + e-
in which

RH
hv

Trace gas

o

Photon with an energy level equal to or greater

than the ionization potential of RH.

The sensor consists of a2 sealed ultraviolet (UV} light
source that emits photons with an energy level high enough to
ionize many trace species, particularly organics, but not high
enough to ionize the major components of air, 02, N2, CO, CO2 or

H20,

A chamber exposed to the light source contains a pair of
electrodes, one a bias electrode and the second a collector
electrode. When a positive potential is applied to the bias
electode a field is created in the chamber. Ions formed by the
absorption of photons are driven to the collector electrode.

The current produced is then measured and the corresponding
concentration displayed on a meter directly in parts per million

(ppm).

To minimize absorption or decomposition of sample gases, a

rapid flow of sample gas is maintained

thru the ion chamber,

which is small, made of inert material and located at the

sampling point.

The analyzer consists of a probe,

a readout assembly, and a

battery charger. The probe contains the sensing and amplifying
circuitry; the readout assembly contains the meter, controls,

power supply and rechargeable battery,

The analyzer will

operate from the battery for more than 10 hours or continuously

when connected to the battery charger.

PAGE 1-1
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SECTION 1.2, EQUIPMENT DESCRIPTION cont.

The PI 101 is designed for use with interchangeable probes
with lamps of different energies. The analyzer is ready for use
simply by connecting the probe to the readout assembly, setting
the proper SPAN pot value, and then zeroing the unit., Specific
data is given in the calibration memo accompanying each probe.

The standard probe uses a 10.2 eV lamp. Two optional
probes use 9.5 and 11,7 eV lamps. Lamps of different eV
ratings, ion chamber and amplifiers are not lnterchangeable
between probes.

Many applications make use of the principle that some
compounds respond to the more energetic lamps and not to others.
Figure 1-2 shows the responses for the analyzer with each of the
three lamps. Literature explaining several such applications is
available from HNU Systems Inc.

An optional audible alarm is available giving an 85 decibel
signal when a set concentration is exceeded. The alarm setting
is variable and can be set from O to 100%Z of full scale of the
meter reading., Power for the alarm is provided by the battery
and does not significantly affect the rated use time cf the
analyzer. The alarm is non-latching and is set by a screw
ad justment, preventing inadvertent changes,.

When in the stored condition, the probe is contained in the

instrument cover {see Figure 1-3) which attaches to the readout _

assembly to form a single unit (see Figure 1-4).

An optional recorder is available theat can be directly
attached to the readout assembly, Tt uses impact paper with a
2" wide chart and a speed of 2"/hour. The recorder is powered
by the instrument battery and provides hard copy of the data.
The analyzer will operate for approximately 4 hours with the
recorder attached. Mounting information and illustration is
given in Section 8.

Specification data on the analyzer is given in Table 1-1.
Physical characteristics of the equxpment are given in Table

1-2. e -
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Energy (ev)

FIGURE 1-2
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INNER
PANEL

INSTRUMENT COVER
(FOR STORAGE OF
PROBE )

PROBE EXTENSION

FIGURE 1-3
PROBE STORAGE
INSTRUMENT COVER

PUSH FASTENERS  ~ .,

Repealed storage o! probe in this manner

s not recommended due 10 cable wear i
Instrument cover may also be used for s!o.)

battery charger.
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SPEC

a, DESIGN FEATURES

Range settings
Lamp rating

Audible alarm,
low or high limit
(optional)

b. CHARACTERISTICS (see NOTE)

Detection Range *

Minimum Detection Level *

Maximum Sensitivity *

Repeatability *

%+

Linear Range
Useful Range ¥
Response Time

Ambient Humidity
Operating Temperature,
Ambient

Operating Time on

Battery, continuous use,
without HNU recorder

with HNU recorder
(optional)

TABLE 1-1 B

IFICATION DATA

0 to 20, 200, 2000 ppm
(other ranges available on request)

10.2 eV standard,
9.5 or 11.7 eV optional

85 db at 3"

0.1 to 2000 ppm
(parts per million by volume)

0.1 ppm

0 to 20 ppm FSD at SPAN = 9.8
(full scaele deflection)

0 to 2 ppm FSD at SPAN = 0.0 B
+/- 1% of FSD

0.1 to 400 ppm ’ T -

0.1 to 2000 ppmn

Less than 5 seconds to 907 of FSD

up to 90Z RH (relative humidity)
-10 to 40 degrees C.

Approximately 10 hours; at lower
temperatures time is reduced due
to effect of cold temperature on
battery.

Approximately one half of normal
time

PAGE 1-7
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Recharge time from
full discharge

Recharge current

Battery Charger Power

NOTE: * When equipped
and measuring
compounds and

“TABLE 1-1 cont.

Full recharge - 12 to 14 hours
Max 0.4 amps at 15 V DC

120 V AC, single phase, 50-60 cy
1.5 Amps

with 10.2 eV Probe with SPAN set at %
benzene. Values will vary for other
conditions.

PAGE 1-8
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' "TABLE 1-2

EQUIPMENT SIZE & WEIGHT
i ' Overall dimensions Weight,  Volume, cm3
Quantity Name cm {(inches) kg (1bs.) (cu, ft.)
‘ 1 Trace Gas 21W x 13D x 24H 3.8 6552
Analyzer (8 1/4 x 5 3/16 (8.2) - (0.23)
(stored condition) x 9 1/2)
Probe Assembly 6.3 Diam x 28.5L 0.55 - 564
(2 1/2 x 11 1/4) (1.2) (0.02)
Readout Assembly 21W x 13D x 16.5H 3.2 4504 .
(8 1/4 x 5 3/16 (7.0) (C.16) , —
x 6 1/2)
1 Battery Charger 10W x 12.7D x 9L 0.4 1143 _ : B
with cord (4 x 5 x 31/2) (C.9) (0.04)
i ,
1
y !
i
{
i
i _
' PAGE 1-9 -
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CSECTION 2 . ;

OPERATION

INTRODUCTION/UNPACKING

Unpack the instrument carefully. The carton will contain
the housing, straps, battery charger, additional probes,
regulator and cylinder if ordered, spare parts, supplies and a
manual, Be sure all items are removed before discarding the
carton.

Attached to the instrument is a warranty card which should
be filled out completely and returned to HNU Systems.

CONTROLS AKD INDICATORS

The controls and indicators arerioéatéd on the front panel
of the readout assembly (see Figure 2-1) and are listed and
described in Tables Z2-1 and 2-2.

OPERATING PROCEDURES i o e

The following procedures are :to be used in operating the
analyzer:

a. Unclamp the cover from the main readout assembly,

b. Remove the inner 1lid from the cover by pulling out the
two fasteners,

¢. Remove the probe, handle and cable from the cover,
Attach the handle to the front part of the probe.

d. Connect the probe cable plug to the 12 pin keyed socket
on the readout assembly panel, Carefully match the
alignment slot in the plug to the key in the connector.
Screw down the probe connector unt11 a distinct snap
and lock is felt,’

e. Screw the probe extension into the probe end cap.
The probe may be used without the extension if desired.

f. Set the SPAN control for the probe being used (10,2,
8.5, or 11.7 eV) as specified by the initial factory
calibration or by subsequent calibrations.

PAGE 2-1
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BATTERY CHECK
POSITION

LOW BATTERY

INDICATOR LIGHT (LED)
ALARM SET SWITCH i
AND ADJUSTMENT (OPTIONAL) FPOWER OFF

STANDBY 0 -200C

20
N N,
9 >
e N
u photo-ionizer
. mode! PI 101
\k\‘systems inc. made in U, S.A//

12 PIN INTERFACE
CONNECTOR BETWEEN
READOUT UNIT AND 7
CONNECTOR KEY SENSOR GROUND

FIGURE 2-1 AR30056L
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TABLE 2-1

| . CONTROLS

Name Positien Functios

Function Switch ——— Controls the operation of
the analyzer

! OFF ' Al1 opératians OFF
BATT Checks the condition of
m{ (battery check) the battery. If the meter

needle is in the
green arc, the battery is
charged. If not the
,I o ~ N - " . - battery should be
recharged. Charging can be
done in any position, best

, . . . v, in QOFF; see directions on
: ' B -~ charger.,
) STANDBY 411 electronics OK,
uvltraviolet (UV) light
. source OFF, This position

conserves power and extends
battery life. This :
position is used to set the
. . analyzer zero position.
} (i.e. no UV light, no

' signal)

' 6-2000 . .- Sets raﬂgé of meter at
' 0-2000 ppm.

0-200 : rSeﬁsirgige of meter at
1 7 | , 0-200 ‘ppm.
0-20 - Sgtsrraﬁge of meter at

: 0-20 ppm.

ZERO - With the function switch in
: STANDBY posdition, this

[ potentiometer is used to
adjust the reading to zero.

NOTE: See Figure 2-1 for locations.

~ AR300565
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TABLE 2-1 cont,.

SPAN ——
HI-VOLTAGE —_——
7 Open
Closed
ALARM SET -
(optional)

NOTE: See Figure 2-1 for

locations.

PAGE 2-4

This vernier potentiometer
is used to set the gain of
the amplifier to give
direct readings of the
trace gas concentrations
in ppm. The whole number
of the setting appears in
the window of the control,
decimal appears on the

dial. A lock secures it
at a specific setting.

This is a normally open
microswitch.

Switch is open when cable
not connected, disconnecting
high voltage for the UV lamp
from the 12 pin connector

as a safety precaution,

Switch is automatically
tlosed when the cable is
attached,.

This switch may also be
closed manually during
maintenance checks

of the readout assembly
without the probe cable
attached.

Potentiometer with screw-
driver adjustment.

Turns the audible alarm ON
or OFF and sets the ppm
level at which the alarm
‘sounds. If alarm is low
limit, it sounds when
measured ppm falls below
this value, If alarm is
high limit it sounds when
measured ppm exceeds this
value,
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TARLE 2-2 . =l —

INDICATORS AND DISPLAYS

Name e : Function

Low Battery Indicater Light Illuminates when battery is
{red light) - - - discharged, indicates need for
{see NOTE} recharge.

Do not use unit when this
light is ON.

Readings may be taken while
battery is be1ng recharged.

Meter {(see NOTE) . ‘ Indlcates concentration af
measured gas.

Recorder {(optional) Provides a record of readings
{see Figures 2~1 And 8- 3) vhile analyzer cperates
unattended,
Recorder inputs O to -5 ¥ bBC.

NOTE: See Figure 2-1 for locations,

PAGE 2-5
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SECTION 2.3, OPERATING PROCEDURES cont.

g. Turn the function switch_to the BATT (battery checl:) '
position. The needle on the meter will go to the preen
zone if the battery is fully charged. If the needle is -
below the green arc or if the Low Battery Indicator
comes on, the battery must be recharged before the
ganalyzer is used,

h. Set SPAN pot to the desired value based on the gas
to be used.

i. Turn the functior switch to the STANDBY position.
Turn the zero ad_justment until the meter needle is
at zero.

j. Calibrate the instrument daily as described in Section
3. Cgalibration on the selected operating range is
desirable.

k. If equipped with optional alarm, set or check the alarm
setting a2t the level desired. Turn the function switch
to the desired range, turn the zero adjustment control
so the meter needle moves upscale thru the desired
value. This simulates real conditions. Observe the .
reading when the alarm sounds. Adjust the ALARM SET, if ’
required, with a screw driver. Turn the function switc
to the STANDBY position and reset the zero position
(para. h. above). If the range is to be changed, the
alarm must be reset on that range.

1., To coperate with optional recorder, add the recorder
bracket (see Figure 8-3). Remove the plug in the
analyzer case and insert power c¢ord into the recorder,
Then connect the signal leads to the appropriate jacks
in the control module. The recorder is now operational.

NOTE: Ranges must be marked on the chart zs the o
recorder prints the meter display as % of Full Scale. o

m. Turn the function switch to the appropriate operating
position. Start with ‘the 0-2000 position and then
switch to the more sensitive ranges. The UV light
source should be on, confirmed by briefly looking into

! the probe to observe a purple glow from the lamp,.

- bt

Do not look at the light source closer than :
6 inches with unprotected evyes. Observe only Q

if necessary, then only briefly. Continued
exposure to ultraviolet energy generated by
the light source can be harmful to eyesight. -

PAGE 2-6 AR300568

PN

i




i

i ¥CTION 2.3, OPERATING PROCEDURES cont.

1 n. The analyzer is aow operational.

o, Hold the probe so that the extension is at the point
where the measurement is to be made. The instrument
measures the concentration by drawing the gas in at the
end of the extension, through the ionizatian chamber,
and out the handle end of the probe.

————— ——

The instrument measures gases in the
vicinity of the operator and a2 high reading
when measuring toxic or 'explosive gases
should be cause for action for operator

safetry.

p. Take the reading or readings as desired taking into
account that air currents or drafts in the vicinity of

|

|

|

!

i

!

. the probe tip may cause fluctuations in readings.
| Change the ranges as required,

|

l

g. Check battery ccndztzon as required,  If the Low Battery
Indicator comes on, turn analyzer off. and recharge.

Use only in an emergency with a low battery
! when on battery charge. :
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SECTION 2.3, OPERATING PROCEDURES cont. : .

r. After completion of use, ctheck battery condition as
described in para. g.

8., Turn function switch to OFF position.

t. When not operating, leave analyzer in assembled
condition, and connected to battery charger. -

u. When transporting, disassemble probe and extension from
readout assembly and return equipment to its stored
condition.

v. In case of emergency, turn function switch to OFF
position,

BATTERY CHARGE

Check the battery charge as described in paragraph 2-3 g
during each period of operation, at least once daily, If the -
battery is low as indicated by the meter reading or the warning
indicator, it is necessary to recharge the bhattery.

To charge the battery, first insert the mini phone plug of ~ _
the charge=r into the jack, J6, on the side of the bezel adjacent
to the meter. Then insert the charger plug into & 120 or 230 V
AC =ingle phase, 50-50 cycle outler. To ensure that the charger_
is functioning, turn the function switch, S1, to the battery
check (BATT) position. The meter should deflect full scale if
the charger is working and connections properly made. For
normal battery charging, leave the function switch in the OFF
pesition.

The analyzer can be operated, however, while recharging by
turning the function switch to the desired position. Such usage
will extend the time required to completely recharge the
battery. The battery charger is not Div. II approved.

NOTE: On all Sira approved PI 10ls it is necessary to connect
the probe assembly before turning on the instrument and
re-charging. Without following this procedure the
instrument will not show battery check.

PAGE 2-8
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SECTION 3.
CALIBRATION
INTRODUCTION

The PI 101 Analyzer is designed for trace gas analysis in
ambient air and is calibrated at HNU with certified standards of
benzene, vinyl chloride and isobutylene. Other opticnal
calibrations are available (e.g., ammonia, ethylene oxide, H2S,
etc.)., Calibration data is given in the data sheet. If a
special calibration has been done, the data is given in the
Application Data Sheet, which notes the sample source, type of
calibration (see Section 8, Appendix), and other pertinent
information. :

Good instrumentation practice calls for calibration on the
species to be measured in the concentration range to be used.
This procedure assures the operator that the analyzer is
operating properly and will generate reliable data.

Some general points to consider when calibrating the PI 101
are that the analyzer is desipgned for operation at ambient
conditions and therefore the gas standards used for calibration
should be delivered to the analyzer at amblent temperatures and
pressure and at the proper flow rates.

The PI 101 is a non-destructive analyzer; calibrations using
toxic or hazardous gases must be done in a hood.

The frequency of calibration should be dictated by the
usage of the analyzer and the toxicity of the species measured.
If the analyzer has been serviced or repaired, calibration
should be done to verify cperation and performance. It is.
recommended that calibration be checked frequently at first
(daily or every other day) and then regularly based on the
confidence level developed.

The normal meter scaleplate is O to 20. If the scaleplate
is different, refer to the Application Data Sheet. If there are
questions, consult the HNU representative before proceeding with
calibration check.,

An accurate and reliable method of calibration check is to
use an analyzed gas cylinder in a test setup as shown in Figure
3-1 and described below. Additional materlal on calibration is
given in Section 8, Appendix.

ANALYZED GAS CYLINDER

a, Concentraticen - The calibration gas cylinder is to
contain the species of interest made up in an air matrix
at or near the concentration to be analyzed. If the
component is unstable in air, another matrix is to be
used. The final calibration mixture should be similar
to the sample the PI 101 will analyze. If the expected
concentration is not known then a concentration should
be chosen that will cause a scale displacement of 50 to
80Z on the X10 range, Calibration on X10 range will
provide accurate values on the X! range as well.
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SECTION 3.2, ANALYZED GAS CYLINDER cont.

For use on the 0-2000 range, a two-standard
calibration is preferred: one at 70 tec 857%7 of the
linear range and the other at 25 to 357 of the linear
range. With the linear range of approximately 600 ppm
for most compounds these .points would lie between 420 to
510 ppm and 150 to 210 ppm, respectively.

b. Stability - The calibration gas must be stable within
the cylinder during the period of use. If the
calibration is required in the field, then use of a
small cylinder is recommended. 1In addition, the choice
of cylinder material in contact with the gas must be
considered {steel, aluminum or teflon). If there are
any questions, the operator should request stability and
usage information from the gas supplier.

- ———

- —

Extreme care must be taken in the handling
of gas cylinders. Contents are under high
pressure. In some cases, the contents may
be hazardous. Many gas suppliers will
provide data sheets for the mixtures upon
request., .

c. Delivery - The cylinder containing the calibration
mixture must be.connected to a proper regulator,

Never open the valve on a gas cylinder
container without a regulator attached,

Leak test all tank/regulator connections as well as the
main cylinder valve to prevent toxic or hazardous
materials from leaking into the work area. Care must be
taken that the materials of construction of the
regulator will not interact with the calibration gas.

One method of sampling the calibration gas is
illustrated in Figure 3-1. Connect the cylinder to one
leg of the tee, a flow meter to the opposite leg, and
the probe to the third leg. The flow meter does not
require a valve. If there is a valve, it must be left
wide open. the flowmeter is only to indicate excess
flow. Adjust the flow from the regulator such that only
a little excess flow is registered at the flowmeter.
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’ﬁCTION 3.2, ANALYZED GAS CYLINDER cont.

I This insures that the PI 101 .sees the caljibration gas at .!
: atmospheric pressure and ambient temperature,

f d. Usage - Generally, a gas cylinder should not be used
below 200=-300 psi as pressure effects could cause
concentration variations, The cylinder should not be

| used past the recommended azge of the-contents as
indicated by the manufacturer. In case of difficulty,

verify the contents and concentration of the gas

cylinder.

e. Alternate means of calibration are possible. For
. more information, contact the HNU Service Department.
l *
.3 PROBE , : : o e
' a. Identify the probe by the lamp label. 1If a question

exists, disassemble the probe and inspect the lamp. The
energy of the lamp is etched into the glass envelope.

b. Connect the probe to the readout assembly, making sure
the red interlock switch is depressed by the ring on the
| connector.

c. Set the SPAN pot to the proper value for the probe being .
. ' calibrated. Refer to the calibration memo accompanying
the probe. ) :
' he prob

d, Check the Ionization Potential (IP) of the calibration
| gas to be used. The IP of the calibration gas must be
at or below the IP of the lamp.

1 e. Proceed with the calibration as described in Section
3.4. Check the calibration memo for specific data.
If any questions develop, call the HNU representative,

i f. NOTE: The 11.7eV lamp has a special .cleaning compound.
Do not use water or any other cleaning compound with the
. ) . .11.7 eV _1amp., Do not interchange ion chambers,
ki amp%ifier boards or lamps between probes. (See Section
5.2).

}3.4 PROCEDURE , ,
a. Battery chéck -~ Turn the function switch to BATT.

k. The needle should be in the green region. If not,
' recharge the battery.

k. - PAGE 3-3 - -l
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SECTION 3.4, PROCEDURE cont.

b. Zero set - Turn the functlon switch to STANDBY.
In this position the lamp is OFF and no signal is
generated., Set the zero point with the ZERQ set
control. The zero can also be set with the function
switch on the X1 position and using a "Hydrocarbon-free”
air. In this case "negative" readings are possible if
the analyzer measures a cleaner sample when in service.

c¢. 0-20 or 0-200 range - For calibrating on the 0-20 or
0-200 range only one gas standard is required, Turn the
function switch to the range position and note the mecter
reading. Adjust the SPAN control setting as required to
read the ppm concentration of the standard. Recheck the
zero setting (step b.), If readjustment is needed,
repeat step c. This gives a two~point calibration; zero
and the gas standard point. Additional calibration
peints ¢an be generated by dilution of the standard with
zero air if desired (see Section 8).

d. 0-2000 range - For calibrating on the 0-2000 range, use
of two standards is recommended as cited in Section
3.2a. First calibrate with the higher standard using
the SPAN control for setting. Then calibrate with the
lower standard using the ZERO adjustment. Repeat these
several times to ensure that a good calibration is
obtained. The analyzer will be appoximately linear to
better than 600 ppm, (see Figure 3-2). If the analyzer
is subsequently te be used on the 0-20 or 0-200 range,
it must be recalibrated as described in steps b. and c.
above,.

e. Lamp cleaning - If the sﬁéﬁiSétE{hg resulting from
calibration is 0.0 or if calibration cannot be achieved,
then the lamp must be cleaned (see Section 5.2).

f. Lamp replacement - 1f the lamp output is too low or if
the lamp has failed, it must be replaced (see Secticn
5.3).

3.5 CALIBRATION CHECKING

Rapid calibration checking in the field can be accomplished
by use of a small disposable cylinder containing isocbutylene,.
Immediately after a calibration has been completed, a reading 1s
taken on & special isobutylene standard. This provides a
reference concentration measurement for later checking in the
field. This can be done at any time with a portable cylinder
containing this same special standard, using this reference
reading as a check, and making adjustments to the analyzer if
necessary. In effect, this is an indirect method of
calibration, one maintaining the calibration to give direct
readings for the original gas mixture, but using the portable
isobutylene cyllnder. Details are given in Sectlon 8.2 of the
Appendix.
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FIGURE 3-1
CALIBRATION TEST SET UP
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SECTION 5

MAINTENANCE

5,1 INTRODUCTION

Maintenance of the analyzer consists of cleaning the lamp
and ion chamber, replacement of the lamp or other component
parts or subassemblies.

WARNING: Turn the function switch on the control panel to
the OFF position before any disassembly,
Otherwise, high voltage of 1200 V DC will be
present.

WARNING: Use great care when operating the analyzer with
the readout assembly outside its case due to the
presence of 1200 V DC.

WARNING: Do not look at the light source from any closer
than 6 inches with unprotected eyes. Observe
only briefly. Continued exposure to ultraviolet
energy generated by the light source can be
harmful to eyesight.

saele

CAUTION: Do not interchange lamps of different eV ratings
in a probe. Amplifier and components are
selected for a specific eV lamp. A probe with
the wrong lamp will not operate properly.

F ICtik<k

.2 UV LAMP AND ION CHAMBER CLEANING

During periods of operation of the analyzer, dust or other
foreipn matter could be drawn into the probe forming deposits on
the surface of the UV lamp or in the icen chamber. This
condition is indicated by meter readings that are low, erratic,
unstable, non-repeatable, or drifting, or show apparent mcisture
sensitivity. These deposits interfere with the ionization
process and cause erroneous readings. Check for this conditian
monthly or as required. Cleaning can be accomplished as
follows:

a., Disassemble the probe and remove the lamp and ion
chamber (see Section 5.5). Exercise great care in
doing so to prevent inadvertent damage to these
components.

b. First check the lamp window for fouling by looking at
the surface at ap incident angle. Any deposits, films .
or discoloration may interfere with the ionization
process. Clean the window as follows:
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1} 0.5 and 10.2 eV lamps

a) First clean by rubbing gently with lens
tissue dipped in a detergent solution.

b) If this does.not remove deposit, apply a small
amount of HNU cleaning compound (PA101334)
directly onto the lens of the lamp and spread
evenly over surface with a non-abrasive tissue _
(e.g. Kim-Wipe) or a lens tissue.

c) Wipe off coumpound with a new tissue.

d) Rinse with warm water (about B0 degrees F) or
damp tissue to remove all traces of grit or
0oils and any static charge that may have
built up on the lens. Dry with new tissue.

e) Reinstall lamp in detector and check analyzer
operation.

£) If performance is étill not satisfactory
replace the iamp. See Section 5.3 and
Section 6.

2y 11.7 eV lamp

a) Clean by putting a freon or chlorinated
organic solvent on 'a tissue and rubbing
gently.

b) DO NOT CLEAN THIS LAMP WITH WATER OR ANY WATER
MISCIBLE SOLVENTS (methanol or zcetone).
It will damage the lamp.

c) DO NOT USE THE CLEANING COMPOUND used for the
9.5 and 10.2 eV lamps under any circumstances
on the 11,7 eV lamp.

c. Then inspect the ion chamber for dust or particulate
deposits. If such matter is present, the chamber can be . _
cleaned by removing the outer Teflon ring, and the four
screws holding the retaining ring. Carefully move the
retaining ring aside (NOTE: this is soldered) and remove
the screen. A tissue or cotton swab, dry or wetted with
methanol, can be used to clean off any stubborn
deposits. The assembly can also be gently swirled in
methanol and dried gently at 50-60 degrees C for
approximately a half hour, No liquid must be present at
reassembly as this would affect the performance. Do not
clean the ion chamber with the HNU cleaning compound
cited above in para. b.1)b).

d. Reassemble the probe and check analyzer operation.

e. If performance is still not satisfactory replace the
lamp. See Section 5.3.
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AR300578




. LAMP REPLACEMENT

To replace the lamp, disassemble the probe, remove the old

1
lamp, install a newv one of the same eV rating and reassemble.

——

Turn the function switch on the control
panel to the OFF position before
disassembly. Otherwise, high voltage of
1200 V DC will be present,

——

Do not exchange lamps of different eV
ratings in a2 prcbe. ‘Amplifier and
components are selected for a specific eV
lamp. A probe with the wrong lamp will not
operate properly.

Set the SPAN pot to 9.8 for the 10.2 eV lamp. Remove the
readout assembly case (see Section 5.6)., Locate the gain
control potentiometer, R48, on the power supply board as shown
on Figure 6-1. Recalibrate the analyzer adjusting this
potentiometer, R48, with a small screwdriver to obtain the
specified ppm reading, leaving the SPAN pot set at 9.8.

For the 9.5 and 11.7 eV lamps see the Application Data
Sheet or calibrations memo for the proper span pot settings and
readings.

—— o ———

Use great care when operating the analyzer
with the readout assembly ocutside its case
‘due to the presence of 1200 V DC.

When calibration is accomplished, turn the analyzer OFF and
replace the readout assembly in its case. :

! Adjustment of R48 potentiometer is used only when a new
1 lamp is installed. At all other times adjustment is
accomplished using the SPAN control potentiometer.

If calibration cannot be achieved, see Section 6,
Troubleshooting.
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SECTICN 5 cont.

LAMP SIZE CHANGE

1f different applications for the analyzer would require
different size lamps, separate probes, each with its own eV
lamp, must be used. A single readout assembly will serve for
any of the probes. A change in probe will require resetting of
the zero control and the span pot. Calibration should be
checked to verify proper operation. )

PROBE DISASSEMBLY/ASSEMBLY

—— -

Turn the function switch on the control
panel to the off position before
disassembly. Otherwise high voltage of 1200
¥V DC will be present.

PAGE 5-4
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iC1ION 5.5, PROBE DISASSEMBLY/ASSEMBLY cont.

Disconnect the probe cable connector at the readout
assembly. Disassemble the probe by first removing the exhaust
screw at the base of the probe adjacent to the handle (see
Figure 5-1). Grasp the end cap in one hand and the probe shell

in the other, gently pull to separate the end cap and the lamp
housing from the shell,

Hold the lamp housing with the black end cap upright.
. Loosen the screws on the top of the end cap, separate the end
+ cap and ion chamber from the lamp and lamp housing.

Care must be taken so that the ion chamber
does not fall out of the end cap or the
light source does not fall out of the lamp
housing.

Turn the end cep over in the hand., Tap lightly on the top.
The ion chamber should fall out of the end cap into the hand.

Place one hand over the top of the lamp housing and tilt_
slightly. The light source will slide out of the housing.

The amplifier board can be removed from the lamp source
housing assembly (see Figure 5-2) by unsnapping the coaxial
connector, Jl, and then removing the retaining screw. The
amplifier board will then slide out of the housing assembly.

Reassemble the probe by first sliding the lamp back into
the lamp housing. Place the ion chamber on top of the lamp
housing, making sure that the contacts are properly aligned.
The ion chamber fits only one way.

If the ion chamber is te¢ be replaced always use one
identical to the one being removed. Check the aperture (small:
3.0 mm; large: 6.0 mm) at the top of the ion chamber and
materials of construction (gold-plated or Teflon) toc ensure
proper replacement. See Parts List, Section 7.

Place the end cap on top of the ion chamber and replace the
two screws. Tighten the screws only enough to seal the O-ring.
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SECTION 5.5, PROBE DISASSEMBLY/ASSEMELY cont.

Do not over-tighten these screws.

Line up the pins (pogo contacfs) on the base of the lamp
housing with the pins inside the probe shell. Gently slide the
housing assembly into the probe shell.

The end cap should meet the probe shell evenly after final
assembly. If not, the ion chamber may be installed wrong.

— — . —r o -

DO KROT FORCE the assembly into the shell.
It fits only one way.

If it does not reassemble readily, remove and check pin
alignment, Check to ensure pogo contacts are not bent,
Refasten the exhaust screw at the base of the probe,

Align the 12 pin probe connector to the readout assembly
and reconnect with a twisting motion until a ¢lick occurs,
Check to ensure the high voltage micropswitch is properly
depressed. The lamp should light if the function switch is
turned to any position except STANDBY,

READOUT DISASSEMBLY/ASSEMBLY

-

Turn the function switch on the control
panel to the OFF position before
disassembly. Otherwise, high voltage of
1200 V DC will be present.

Disconnect the probe cable connection. Remove recorder
jacks and cable or the plastic plug cap. Loosen the screw on
the botton of the case and, holding the instrument by the beze!
remove the case (see Figure 5-3).

a. The control assembly consisting of the Printed Circuit
Board (PCB) and control panel can be separated from the
readout agssembly by the following steps:

.. AR30058L
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SECTION 5.6, READOUT DISASSEMBLY/ASSEMBLY cont.,

1) Separate .the Molex connectors in the cables to the
control assembly,

2) Remove the two attachment nuts at the base of the
assembly. :

3) Remove the two screws at the top of the po§er supply
board holding it to the assembly brackets.

4) Compress the brackets and slide the assembly thru
the bezel. Remove a third screw at the lower
corner of the board, if necessary,

b. The optional alarm assembly can be separated as follows

1) Disconnect the cable (P6/J6 of Figure 4-5)

2) Remove the two screws holdihg the alarm assembly to
the battery bracket . . . -

Reassembly is accomplished by reversing the above procedure.

NOTE: Be sure the function switch on the contrel panel is
in the OFF position before inserting the control
module inte the case., If not, the fuse can be blown
or damage can result, . , '
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CPERATING PROCEDURES
DUPONT CONSTANT FLOW ATR SAMPLING
PMP MODEL P4000

METHOD NOS, M-7A AND M-7B
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“Dupont P4000 has a flow rate range between 20 ang 4060
min. This pump feztures an electronic timing circuis
t &llows the user to_program the unit for automatic shy
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. klsc, twec light-emitting - ¢iodes {LED's) indiczte if
Stant flow is maintainegd anc whether the Dattery hszs
€en chargeqd. '
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SAFETY PRECAUTIONS

Do not short battery.

Check filters for liguids to pfévéﬁf pump contamination,

Do not overcharge, -

Do not introduce solvents or liquids to “"rinse out".
REFERENCE -

E.I. Dupent de Nemours and Co., Operasting Manual, 1981,

INSTRUCTIONS

Fully charge the battery before operating.

-Remove control cover by turning thumbscrews counter~
clockwise.

Set the programmable timing circuit in one of three modes:

A. To measure the elapsed time of sampling from the start
of the pump to shutdown,

© Set Switch 7 to manual position (MAN) .
© Set Switch 8 to normal position (NORM).
© Set the six time switches to “on",

The pump will now run until it is manually turned off
or until the battery is drained. The elapsed time can
be determined by depressing the test button and noting
which LSD timer indicator lights are energizing prior
to turning it off.
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TLowmeTeure the cleapscd time when the poTr oo turnell on

an® il severad tiﬁ&?: ST

¢ . Set Switch 7 to manuel position (Malj.

¢ Set Switch & to interrupt position (INT;.

¢ Set Switches 1 through 6 to "on". The punp will run
until it is wmanually turned off, :

0 Depress the test button to deteimine the total
sarpling time.

Tc szxple for a predetermined time pericd with

aatcmatic shnutoff:

o Set Switeh 7 to automaric positicn (BUTGC) .

o Set Switch € to interrupt position (INT).

0o Select the sample time period and prograrw Switches 1
to 6 accordingly. »

© The pump will automatically shut off 2t the end of
the progranmmeld sanpling period.

Turn on the "on-off" switcn.

Wait 2 few seconds until the flow has stabilized.
Check the LED's. The battery check LED will light to
indicate the battery has been charged. Charging time
of 14 to 16 hours is reguired to ensure a fuily charged
battery.

Attach collection device to the inlet hose barb.
Attach pump to user's belt for persconal sampling.

Position collection device near user's breathing zone.
Use pump for area monitoring by positioning the

collection device appropriately.

Record:

o Date.

0 Pump serial number.

o Flow rate.

¢ Unusuzl conditions (weather, 1nterrupted operaticn} .
¢ Enployee's name.

© Suarvey supervisor.

Retrieve the pump at the end of the sampling time,
Observe the flow contrel LED before turning off pump.
If the LED is lit, flow has been restricted during the
sanpling period and the test is invalid.




2rn the vrit ¢ff zn3 recoprd:
< .l I S L e o ,
PEec. sampe 1ng time represented OL the LED tirmer
indicator.lichts. R
t egfter recherking it.

r
© Any vuvnusual conditions thzt occurresd during the
sampl ing perijod. R

Set up the pump .t0 rechzrge the bzttery in the case for
14 to 1€ hours.
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DUPONT SRMPLING PUMP OPCRRTION
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Terrence 4. Sheannon, Vice President Date
Phoenix Szfeiy Associztes, Ltd.
Antnony 4. Fuscaldo, Ph.D., President i - " Date R T
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CALIBRATION
DUPONT CONSTANT FLOW AIR SAMPLING PUMP
MODEL P4000
METHOD NO, M-7B
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Method M - 7B describes the procedure to properly calibrate
znd provide routine meintenance for the Dupont P4000 Zir
S=zmplinc Pump.

SCOPZ

Generally, the Dupcnt P4000 maintzins it s flow rate for
ilong periods oi time, however, daily calibraticn is
necessary to obtain accurate test results. The bubble tube
cezlibration technigue is described Dby the following
procesure to set the flow rate to one of it 5 three rances,
REFERENCES

E.I. Dupont de Nexrocurs & Co., Operatinc Manual, 1981.

PROCEDURE

Set up bubble tube apparatus. Remove control cover of pump

and connect pump and bubble tube, with & representative
length of tubing. Be sure to have a sampling filter or
cther device you will be sampling with in line to account
for drag. '

Set the flow rate for the pump in the desired range
according to the following.

L. Low Flow Range 20G-500 cc/min.

o Rotate the flow range selector valve three turns
counterclockwise from the fully closad position.

o BAlign the drive belt in the low flow position.

o Rotate the flow rate adjusting valve until the
desired flow is reached.

B. Intermediate Flow Range 500-2000 cc/min.

© Rotazte tha flow range seclector valve clockwise until
it is closed. Do not overtighten because damage
could result, '

o Align the drive belt in the low flow position.

© Rotate the flow rate adjusting valve until the
desired flow is reached.
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¢ FRotcte tne flow range scledtdr velve clockwise until
it igs closed. Do not overtighten, i

o Align the drive belt in the high flow pesitiorn,

o PRotate the flow reate adjusting valve until the
gesirec flow is reached.

LS ust the purp to the declred nomi nal flow rate, Check
the water manometer.

Stzrt s scap bubble in the buret and measure the time, wit?
& stopw tch, that it takes to traverss two calibraticn
mserks. " Fcr & 1000-ml buret, & convenlient calibrah*un

volurne is 500 mL. Repeat the determination at least twice
more. Averace the resulits and calcul ate the flow rate by
Gividine the calibration volume by the average time.

Flow Rate = Volume - ; ,
Time i , : -
Record the following data:

a} volune measured

b) elapsed time

¢} pressure drop

d) air temwperature

e} atmospheric pressure

f! serizl number of the pump

g, pump medel : R
hi} dete and nane of operator
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OPERATING PROCEDURES
DUPONT' ATR SAMPLING PUMP
MOBEL P200A

METHCD NOS. M-BA AND M-8B
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s precedure Getails the procedure tc be followed when
n: the DuoPont F20CR Lir Savpling Funyg in osth person:l
zrea monitoring. E

t s lightweicht ané compactness, the JuPont P20CH
cellent tocl for personal sawpling applicatiocns.
. pe worn on the belt anéd with & lencth of Tyvcon
can satple zir at a worker's breathinc zone. 1t can
u

W ot et O

acuring it to fixed sampling location. R
RZFERENCE

E.I. DuPont de Nemcurs & Co., Operating Manual, 19E81.

PROCEDURE

Remove fully charged cal ibrated pﬁmp from case and connect
sarple tubing.

Turn on pump to ensure that it is operating. (It generally
takes a few seconds to begin pumping and then a few more to
stabilize).

Secure pump to sampling station.

o If pump is to be used for personzl samnpling, attach to
the person's belt. Then with a length of tubing strung
over the person's back, tape the end to the person Jjust

below the chin. If possible, use a sampling tube
holder. '

o If pump 1iIs to be used for area monitoring, select a
representative sampling location and secure the pump
there. It will probably be necessary to use only =
short length of tubing between the sanpling mediur and
the pump.

Turn on punp and record time.,

Pl ace control cover on pump with the aid of a small zllen
key. . _ .

At the end of the sampl ing period, remove control cover and
shut off pump. Record time.

Remove and seal sampling medium. Prepare samples for
transportation to laboratory.
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Miethos M - Ef
FULTOSE SO T e
Method M - BB describes the procediure to be fcllowed wnen
cz:ibrating and providing routine maintenance ¢n the DuaPont
Air Bampling Pump, Model P2002.
SCTOPE

The DuPont Model PZ00z is a compact perscnal moni<oring
pump with an adjustable flow of 30 - 200 ml/mir. It is
battery opnratnd and with a fully charged DI source can be
crerated for 8-hour shifts with virtuaslly no decrease in
flow rate, The Bubble Tube calibrztion technigue is
described here and should be used to calibreate the DuPont
Model P200x.

REFERENCE

E.I1. DuPont de Nemaurs & Co., Operzting Manual, 1981.

PROCEDURE
Set up bubble tube apparatus on side of carrying case.

Connect pump to bubble tube with tygon tubing with

representative sampling medium in line to account for drag.

Remove control cover and switch pump on.

Place scap sclution in contact with cpen end of bubble tube
to initiate bubble flow.

Repeat step 4.4 until inside of tube is coated with
solution and bubbles can travel up the entire length of
tube unobstructed.

Once you have determined your flow rate, select a volume
which can be obtained by reading any two graduated marks on
the bubble tube. By using the equation:

Time =. volume
fiow rate

the amount of time permitted for the bubble to rise from
one graduated mark to another can be calculated. This time
can be measured by a stopwatch.

By turning the screw in the top right hand corner of the

pump, the flow rate can be increased or decreased. Adjust
this screw until the bubble passes through the two marks in

the above mentioned tlme.
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After sampling, repeat the entire calibrating seguence . to
ebtain an average flowrate which can be combined with the
everage in 4.8 to obtain & representative flowrate for the
entire sarpliny period.

MALINTERANCE

Fecharging of the batteries should occur prior to anv
sarpling. Customarily, for every hour of use the pump
should be placec on charge. If-the pump has not been used
recently, it is recommended that it be left on charge for
10-16 hours prior to use.

Tyaon tubing should be inspected prior to each use for
gross contanination.
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OPERATING INSTRUCTIONS

DUAL HEAD ATR CADET PUMP
METHOD NO. M-9A
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Method No. M - 94
INTRODUCTION

1The Dual Head Air Cadet pump is designed for pressure,
suction, and gas circulating applications. It s dlnphragm-
cparated desiynminimizes stress, wear, and heat buildup.
Clicmical resistance {5 increased by the use of HNoryl, Viton
and Teflon in the construction ¢f the pumping chamber which
the media being pumped will come in contact with,

Ihe Model 7530-60 is capable of a flow rate of 10 1/min.
which makes it an excellent tool in air sampling
detzminations whicoh require high volume sampl ing (1.e.
Ashestos samplingl. By connecting the two heads in
paralliel, the f£low rate can be doubled. Polyethylene
tittings enable 3 /16" or 3/8" I.D. £flexible tubing to bhe
used for sampling.

The brushless motor is thermally protected, and has sealed
bzll bearings. HNo regular maintenance is required.

PRECAUT 1ONS

The pump should bé grounded with the aid of the three prong
plug and an outlet that meets all local codes and
ocrdinances.

The moter, when oparated will run very hot, Use caution
when moving pun d 1iring gperation and immediately
thereafter.

No not operate pump when pressure ports of both heads are
in a blocked cundition s this may damnage motor.

KEFERENCE

Cole-Parmer Instrument Co., Operating and Maintenance
Instructicn Manuzl, Chicago, IL 1983.

OPERATION
"Remove pump for paékaging.

Place a single turn ¢f tape on polethylene fitting threads
and assenble intoe pump port. Hand tighten only.

Connect.tubing to pump. To minimize noise level, use three
feot lengths of tubing at both ends of pump., Remember,
changes in tubing diameter, fittings, bends and
obstructions will increase pressute and decrease flovw.

Plazce pump in repre=e rtative sampl:nq location,

74 BR3G060Y4
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Copnect sampling device and secure to a2 stationery object
to prevent vibratieon. :

Tarn punp on and record start time,

An internal thermal overlead switch may trip during
operaticon if scmething happens Lo the pump. Record the
time, cherk to see if everything is normal, allow motor to
coel for approximately 20 minutes then restart.

Turn pump ¢ff and record.time. Disconnect the sampling
device and prepare for shipment to lab,

Al low metor to coel, remeve and store tubimg cover parts to
keep dust and dirt from contaminating pump.

Wipe power cord and pump with a'daﬁp cloth, store in a
clean, dry, safe area.
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1.0 GENERAL INFORMATION
1.1 AR AND GASES

Air is a mixture ol gases. Clean, dry air consists of
78.08 volume percent nitrogen, 20.95 volume per-
cent oxygen, and 0.87 volume percent other gases
including argon and carbon dioxide: Life, combustion,
and various chemical reactions are supported by
oxygen. Human beings can iolerale moderate vart-
ations in the amount of oxygen in the air, Breathing
becomes labored when the air contains only 16%
oxygen However, U.S. Department of Labor- OSHA
{Genetal industry Safety and Health Standards 29
CFR 1810.84 {d} (vi} requires the use of airsupplied
respirators to provide adequate oxygen when the
concentration of oxygen is less than 19.5%. Oxygen
deficiency can be the result of the dispiacement of
oxygen by other gases, aercbic bacterial activity,
combustion, and the oxidation of metal.

A mixture of air and a combustibie gas or vapor
{hereinafter the term “gas” shall be understood to
mean combustible gases and/orvapors) will support
the propagation of a flame away fram a source of
ignitioh only when the concentration of thegas, asa
percent of the total voilume of the mixture, is within
the Hammable range of tha! specitic gas or combina-
tion of gases. An air/gas mixture in which the con-
centralion of gas is below the Hlammable range will
be teoolean to propagate combustion, The flammable
range has a lower limit and an upper limit; i.e, the
lower flammable limit {LFL) and “lower explosive
imit” {LEL) are equivalent, as are "upper tlammabie
limit” and “upper explosive limit".

1.2  FUNCTIONS
1.2.1 Model MX241 is a continuous duty oxygen

1

monitor and combustible gas monitor combinedina
compact, rugged, 2asily operated and maintained
instrument. It has a 3 1/2 digit liquid crystal display
(LCD), an audio indicator (alarm buzzer), solid state
circuitry, and rechargeable nicke! cadmium battery
pack’in a stainless steel case.

1.2.2 Combustible Gas Detection isaccomplished
by means of a calalytic diffusion type sensor that
consists of two wound platinum wire elements
covered with porous refractory. One element is
active, the other is a reference. The combustible gas
cancentration as a percent of the LEL is shown by
the display when the push-button switch in the right
side of the.case is pressed. Anintegralaudible alarm
is provided which will sound if the concentration of
combustible gases exceeds a sel point. The alarmis
factory set at 20% LEL of hexane. it can be reset to
otherlevels to meet individual userneeds. Thealarm
operdtes independently of the display. The alarm is
field adjustabie between 0% LEL and 55% LEL.

1.2.3 Oxygen Monitoring is accomplished by
means of a micro fuei cell that provides a current
proportional to the concentration of oxygen in the
air. The interaction of electrodes and electrolyte
within the fuel cell depends on the presence of

oxygen, The LCD constantly displays the concentra-

tion of oxygen as a percent of the total atmospheric
volume. {The oxygenreadout is reptaced by the com-
bustibles readout when the switch in the right side of
the case is pressed) Thealarm sounds iftheconcen-
tration of oxygen falls below a preset level. The set
point is adjustable between 17% and 30% oxygen.
The alarm is factory sat at 19,.5%.

_ _1.2.4 Headphone Driver

The MX241 will accep! a headphone driver unit that
2
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provides an output for a headphone to be worn by
the user of an MX241 who is in an area where
ambient noise would prevent him from hearing the

.. instrument's alarm. The recommended unit is an
" AD200, Industrial Scientiic Corporation Part

Number 1810-0248. C e
1.3. SPECIFICATIONS
1.3.1 Physical and Component

Case: Stainless Steel, dust hght and spiash
res!stant .

Damenslons 121mm %
: {4 75 % 275 x 1.8 mches}

We(ghz 505 grams {21 ounces)

=

Sensors Combustubfe -cataiyhc. ddfusuon ’

.fype
Oxygen temperaturecompensated
galvanlc efectfochemncal cell

Powar Supply 48 votts(nommai) 750 mA
- _~ -~ "hourtechargeable, nicke!
" cadriiu banery pack

Disp}ay 3 1I2 dlgit lhuid crystal
Alarm Aud‘io}nd’catut(ﬁuzzer)

mscharge tycles; Operalion
Cycle: 8 hours ‘On’, 16 hours
'Recharge. N

i

1.3. 2 Porformance

Oxygen Measurinq ﬁange' 5t 30% :
Combus‘iib!as Measunng ﬁange 0 10 100% LEL

- -1,3.3 Environmental Factorfs’

Certasn condmons or fallure to observe certam

= pf the instrument. These are outlined below fo be

© gas content of the air.

Accuracy: = 0.7% O, by volume in range of 16-23
* 1.2% Q, by volume in range of 5-30
4+ 3% LEL in range 0-30% LEL
* 10% of actual concentration in range
30-100% LEL

Precision: 0.1% oxygen
1% LEL Combuslibles

Typtcal Response Time: Combustibles, 30% of value
in 30 seconds
Oxygen Sensor, §2% of
change in 30 seconds

Temperalure Fiange Oﬁ'—lo 40 C

“Humid yﬁange 'IOto%“ RH

il - ® - TR gL -

S)'slash Resastant 7
Light Levels: Bright sunshine to dark interiar e

WARNINGS AND CAUTIONARY
- STATEMENTS

necessary procedures will impair the performance

- read and understood by any person using the in-
strument. o
1.4.1 Oxygen deficient afmospheres will cause
erronecus low determgg_atlons of the combushb!e
gas conlent of the air. 7~

'1 4.2 Oxygen "énriched” a‘tmospheres will cause
erroneous high determinations of the combustible

il
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1.4 3 Verily the calibration of the combustible
detecting mode of the instrument alter use where
the combustible gas contentas a percentof the LEL
was 100v or greater. Long continucus use (houts

for one test] at high LEL concentrations (50% fo_ .

100%) or high humidities (90% or 100% RH) may
cause hydroxylation (temporary blinding of catalytic
sites by hydroxide groups) resulting in reduction of
sensitivity and erratic behavior, including inability to
calibrate. lf this occurs, the sensor should be replaced.

1.4.4 Silicone compound vapors and sulfur com-
pound vapors will cause desensitization of the com-

bustible sensor and thus cause erroneocus low

determinations. Verity the calibration of an instrument
thathas beenusedwhere these vapors were present
betore that instrument is relied upon for accurate
measurements. Replace the sensor if the instru menl
cannol be calibrated.

1.4.5 Priortoeachday'suse, theinstrument should
be calibrated 1o a known concentration of com-
bustible gas equivalent to 25 to 50% LEL fullscale
concentiaticn. Calibration gases are avaiiable from
the local distributor of Industrial Screntmc Corpor-
ation products.

1.4.8 The oxygen sensors output I1s directly pro-
portionai to the partial pressure of oxygen in the air.
Changes in the total pressure of the atmosphere
due to changes in aftitude wilf bear on the instru-
ment's determination of the airs oxygen content
Calibrate the oxygen monitor mode of the MX241 at
the aititude at which it will be used.

1.4.7 Any rapid up-scale reading followed by a
declining or erratic reading, or reading greater than
100% LEL, may indicate a gas concentration beyond

5

the accurate response range of the sensor. Either
take immediate corrective action to eliminate this
potentsarhazard or wathdraw from lt

. 1,.4.8 Readlngs thatare either negahve orgrealer

than 100% LEL may indicate an explasive concen-

" tration of combustible gas. These readings may also

indicate instrument malfunction.

1.4.9 Obstruction of the screened sensor poris

- will cause erronsous tow readings. These screens

must be kept clean.

1.4.10 Calibration for oxygen should be made at
the approximate temperature at which the unit will
be used. Large changes in temperature cause
erroneous readings.

1.4.11 Aiarm may be difficuit o hear or even
drowned out in high noise ambients. Use the AD200
(P/N1810- 0248) inconjunction with headphones or
earphones in these areas.

2.0  OPERATION
2.1 Initial
Unpack and visually inspect the instrument for

physical damage. When received, the MX241
shipping carton should contain these items:

— -1 - Model MX241 Gas Measuring Instrument

{1810-0230)
- 1 - Model MX241 Instruction Manual
1 - Calibration Cup w/Hose (1700-6933})
1 -5/64 hex key (1700-7147)
1 - Screwdriver (1700-3567)

6
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Account for each of these items before the cartonis
discarded. If the instrument is damaged, centact
yvourlocal Industrial Scientific Corporation Distributor
or call direct to {412) 788-4353 or 800-338-3287.

Become famnar witl: the location of the instrument
switches and externally accessible potentiometers
{pots) These are identified in Figure 1.

Toturn onthe MX24 1, unscrew the knurled collaron
the carrying strap mounting post. The calbration
cover may now be pulled away from the instrument
case top. A pin on the calibration cover disernigages
from the on/off switch inside the case. and the
Instrument turns on. ’

Intially, the display will indicale a very high number.
Forexample, 88.0 percent oxygen. Thisisduetgothe
fact that the oxygen sensor puts out extraordinarily
high signal when it is first turned on. A new oxygen
cell may require as long as 15 minutes before 1t
stabhilizes in the 21% range.

With the knurled collar unscrewed. the calibration
cover may be spun aside to allow access to the
adjustment potentiometers inside the instrument,
The combustibles zero adjustmentis on the left near
the strap mounting post The combustibles span
adjustment and fhe oxygen adjustment are accessed
through a common hole on the right.

After calibrating the instrument, spin the calibration
coverso thatits pinisinthe access hole lorthe span
and oxygen adjustment. Tighten down the knutied
collar. The instrument is now ready for use. The
readout will continually display the percentage of
oxygen present. Combustible gases are also con-

7
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. Location of Instrument Controls and Adjustments
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stantly monitored. The dispiay may be converted
from oxygen to combustibies by depressing the
recessed switch to the right of the readout on the
side of the case o

BEFORE PROCEEDING TO USE THE
INSTRUMENT, CHARGE THE BATTERIES AND
CALIBRATE BOTH MEASURING MODES.

NOTE: Instrumem must be turned off before charging.
2.2 Charging the Batteries

The MX241 requires a constant 75 milliamperes
charging current. A completely discharged battery's
full potentiat will be restored by 18 hours of charging.
A Single UnitCharger, Part Number 1810-0123, and

a Five Unit Charger, Part Number 1810-0115, are-

available from the local distributor of industrial
Scientific Corpaoration products. There is no danger
ol avercharging the batteries when using either of
the above ISC 200 Series Constant Current Batiery
Chargers.

Apparen! reduclions in battery capacity may result
from repetitive use pattecns. A tully charged battery
that does not deliver energy tor al least 8 hours
continuous manitoring may have developed a
*memory” condition. To eradicate this, entirely dis-
charge and then fuliy recharge the bhattery. The
memory eftect can be avoided by using the MX241
so that the battery is discharged to varying depths.

2.3 Calibration Check

The MX241 must be checked to insure proper
operation and calibration. Reler to Section 4.2 for

9

calibration procedurs.

3.0 THEORY OF OPERATION AND TROUBLE-
SHOOTING HINTS

:3.1 6§§crlption of Subassemblies

3.1.1 Oxygen Sensor (1701-9282)

The MX241 uses an electrochemical oxygen sensor
which converts the oxygen of the atmosphere to a
current signal. This sensor, enclosed in a proteclive

" vifiyl sheath, is located on the beveied surface of the

MX241 case bottom. A small block assembly gives
the sensing surlace of the cell access 1o the

- atmasphere.

The‘ axygen cell does respond to lemperature vart-
ation; particularly to rapid transients Signaltransients

o of up to a hait hour may occurwhen the oxygencellis

takenthrough anabruptchange of temperature. The

" reaction of the cellis somewhat betterlortemperature

decreases than tor temperature increases.

The cell produces a current that is proportional to
the percentage of oxygen in the atmasphere from §
to 30% axygen. The signal will gradually decrease in
magnitude as the cell ages.

The sensor needs to be replaced when the correct
oxygen concenfration can no longer be obtained by
adjustment of tha oxygen span potentiometer.
Consult Section 4.3 for the proper replacement
procedure,

3.1.2 Combustible Gas Sanscr(1702-5172}
The combustible gas sensing element of the MX24 1

10
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is housed in an aluminum block attached to the
beveled surface of the case bottom. Model MX241's
gas detecting sensorconsists of two elements, each
of which is a specially wound platinum wire coll
coveredwith a porous refractory material. One of the
elements is impregnated with a catalyst to make it
active in oxidizing combustible gases. The other
element is impregnated with materials that will not
aliowitto oxidize gases but willallow it torespond to
ambient condilions of temperature and humidity.
This second element is used as a reference,

Inthe circuitry of the MX24 1, the two elements of the
sensor compose one half of a balanced Wheatstone
bridge When the instrument is operating, current
heats the sensor elements. Air, or, when combustible
gases are present!, alr/gas mixtures, diffuse into the
sensor chamber and surround the elements Although
the alr/gas mixture may not be within the flammable
range, the catalyst on the active element oxidizes
the gas mixture near the surface of the element. The
oxidation of the mixture causes an increase in the
temperature of the active element that is proportional
to the amount of combustibie gas in the air. The
reference element does not cause oxidationand no
temperatureincrease occursonit Asthetemperature
of the active element increases, so does its re-
sistance. Theresultani bridge imbalance producesa
signal proportional to the gas concentration in the
air, Analog to digital conversion circuitry displays the
signal as a number that is the percent of the lower
explosive limit (3% LEL).

if one of the beads becomes inoperative, the instru-
ment cannot be recalibrated These malfunctions
are indicated by the display going blank and the
audible alarm being triggered. The sensoris replaced
as a unit (refer to Section 4.3) and comes aiready

t1

installed in its aluminum block
3.1.3 MX241 Mother Board (1701-0786}

The MX241 motherboard contains most of the signal
processing electronics for the instrument. it mounts
onthree brackets attached to the case boftom. Most
of the wires coming from the oxygen sensor, com-
bustible sensor, buzzer, battery pack, earphone
contacts, andcharging jack attach tothis board. This
board aiso holds the adjustment potentiometers for
the combustible and the oxygen sensors. These
face one end of the case and may be accessed
through holes in the case top. The on/off switch for
the instrument is also facing the case end in order to
engage the calibration cover. The switch which con-
verts the readout from oxygen to combustible is on
the upperright-hand side of the board. The electronics
on this board receive and condition the signals from
the axygen and combustible sensors for transmission
to the dispiay board. In addition, the control elec-
tronics for the switching power supply {which pro-
vides a regulated voltage to the combustible sensor)
are on the mother board.

3.1.4 Regulator Board (1702-4795)

The swilching components of the power supply for
the combustible gas sensor are located on a separate
board mounted on four pins on the underside of the
mother board. This small board is the regufator board

and protrudes down into the open area of the case
bottom beside the charging jack

3.1.5 Display Board (1701-0844)

Aliquid crystal display board is mounted on standotfs
above the motherboard. Thisboard contains the A/D

12
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converter-liquid crystal display driver integrated

circuit which converts the sensor signals to the digits
that are dispiayed through the faceplate of the case.
This board also contains the analog switch package
which aflows the control electronics of the mother
board 1o drive the display into the various readout
and malfunction modes. - -

3.1.6 Auxiliary Control Board {1701-9076)

A small auxiliary contro! board is mounted on an

adhesive foam pad on the side of the buzzer with
wires connecting back to the Mother Board. This
board contains a circuit which causes a brief alarm
tone in the earphones or headphones when an
ADZ00 is being used with the MX24 1. This is to test
the integrity of the alarm circuit.

This board also has a power on/off circuit that
controls the oxygen sensor. When the instrument is

notinusefi.e.urned off), thiscircuit disconnectsthe

load resistors from the oxygen sensor, prolonging
1he lite of the sensor.

3.1.7 Audible Alarm (1702-3896)

The MX241 is capable of warning the user of danger
condilions even if the user is not looking at the
instrument display. Thisis accomplished by sounding
abuzzer whichis attached lo the beveled surface of
1the case bottom, The buzzer generates 75 dBA ang
should be suitabie for most applications.

3.1.8 External Audible Alarm

Forthose instances where a high noise environment
is encountered, contacts are provided on the back of
the MX241 casefor use with the AD200 Audio Driver,

13
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P/N 1810-0248. When used in conjunclion with the
AD200, these contacts wiil sound a tone in an ear-
phone or headphonhe worn by the person carrying

. the instrument, serving as a backup to the warning

buzzer. . -

4.0 REGULAR MAINTENANCE

The insirument requires no short term maintenance
other than regular calibration and recharging of the
hatteries. Use a soft cloth towipe any dirt, oil, moisture,
or foreign material from the instrument.

4.1 Screen Cleaning and Replacement

The stainless steelscreens are to protect the audible
alarm and the detectors from direct impact. The
screens can be removed by taking out the three
screws which hold the bezel onto the beveled surtace

_of the instrument. Once removed, the screens can
be cleaned by shaking themor by forced air. Soivents
should notbe usedsince they may intertere withthe
detectors.

4.2 CALIBRATION PROCEDURE
4.2.1 Oxygen Detector

l.oosen the knurled collar on the strap mounting
‘post and swing aside the potentiometer access
cover. Allow 15 minutes for the oxygen detector to
equilibriate before calibration. H the sensor has
never been used, the equilibration time may be
stightly longer, bul alter the instrument is used a lew
_times, the time is reduced dramatically. The delays
are due to the circuitry which disconnects the oxygen
cell when it is not being used o extend the working

14
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life of the sensor.

Inclean air, known to have the composition described
in Section 1.1, adjust the oxygen calibration potehtic-
meter{throughthe hole labeled” 0"} slowly clockwise
so that the oxygen readout goes downward. The
alarm should soundclearly al 19.5% oxygen orat the
perceniage setbythe user, (See Section4.2.4). Final
calibration of the oxygen readout should only be
doneinfree ab if the user is sure that the air contains
the normal 20.9% oxygen. The readoul should then
be adjusted to 20.9. If there is any doubt of the
axygen content of the air, calibration gas of a known
percentage of oxygen in nitrogen should be used.
Introduce the test gas at 0.5 (£ .05) liters per minute
through the calibration cup (ISC P/N 1700-6833).
{Refer to Figure 3). Allow one minute for the oxygen
sensor 1o respond to the gas. Adjust the readout to
show the known percentage of oxygen.

4.2.2 Combustibles Detector

Before calibrating the combustibles detector, switch
on the instrument and allow the sensor to warm up
for 15 minutes. In clean gir, switch the instrument
display to combustibles, Adjust the zero potentic-
meter, (throughtheholeiabeled"z"} o obtain aread-
out COO0. -

Use the calibration cup(ISC P/N 1700-6833) to apply
combustible gas of a known concentration to the
instrument. The rate of gas flow shouldbe 0.5 (£ .05)
liters per minute. {Refer to Figure 3). Switch the
instrument display to combusiibles. Use the span
potentiometer {through the hole labeled “s”) to set
the readout tothe percent LEL corresponding tothe
known gas concentration. Variations in the flow rate
will cause inaccurate calibration of the instrument.

15

Remove the test gas and wait for approximately one
minute for the gas to completely disperse. Check
that the instrument readout returns to 000. Place the
potentiometer access coverinits operating position
and tighien the knuried collar.

i the instrument cannot be calibrated, the span
potentiometer may be at such a low setting that the
instrument cannot respond properly. Turn the span
potentiometer approximately 15 turns counter-
clockwise, and thenrepeat the calibration procedure
described above. Note that the calibration procedure
calls for the adjustment of the zeroc potentiometer
first The span potentiomeler should not be readjusted
until the zero potentiomeler is properly set.

- The MX241 is calibrated on hexane at the factory. It

must be recalibrated on the aclual gas being
monitored in order to obtain the accuracy specified
in Section 1.3 of this manual

4.2.3 Field Adjustments to Alarm Settings

The MX241 is shipped with the alarm levels factory
set at 19.5% oxygen and 20% LEL. The user may

“ thange either or both of these settings it desired.

The oxygen alarm level may be set anywhere in the
range 17% to 55% oxygen. The combustibles alarm
is adjustable in the range 0 to 55% LEL.

Adjustments to the factory settings of these alarm
levels should only be made by qualified repair tech-
nicians. Misadjustment of these levels could seriously
impair the performance of the instrument.

The case top of lhe MX241 must be removed to
access the alarm setting potentiomelers. Refer to
Section 4.3.1.1 for instructions in removing the case

16
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top.

The aiarnfsetﬁng potentiometers arg P2 and Ps, the
circular potentiometers on the lower right edge of
the mother board (See Figure 4). They are sealed in
place with a spot of Glyptal This will break free with

.. the first turning of the potentiometer,

To reset the low oxygen alarm, begin by turning
potentiometer P2 fully clockwise. Use the oxygen
calibration potentiometer to set the readout to the

. reading correspending to the desired new alarm
level.ifa settinghigherthan 22% jg desired, it maybe
necessary to use a test gas of high oxygen concen-
tration to increase the output signal of the oxygen
sensor.

Remember that the new alarm setting cannot be
higher than 55% oxygen or lower than 179% oxygen.

With the readout displaying the desired aiarm set
point, slowly turn potentiometer P2 counterclockwise.
The buzzer will eventuzally sound. Slowly turn P2
back andforthioset it as precisely as possible tothe
point where the buzzer is just on the threshold
between sounding and not sounding.

It is strongly recommended that p2 be sealed in
place by applying a drop of Glyptalor other adhesive
to prevent accidental movement of the alarm setting,

~ The oxygen readout should be fully recalibrated

before using the instrument.

Té reset the high combustible alarm, begin by turning
potentiometer P6 fully counterciockwise. Use the
combustibles span and zero calibration potentio-
meters to turn up the combustibles readout until it

18
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displays the reading corrésponding to the desired
new alarm level.

Remember that the new alarm setting cannot be
higher than 55% LEL.

With the readout displaying the desired ala.rm set-
point, slowly turn potentiometer P6 clockwise. The
buzzer wii eventually sound. Slowly turn P8 ba‘ck
andiorthiosetitas preciselyas possibie to the point
where the buzzer is just on the threshold between
sounding and not sounding.

It is strongly recommended that P6 be sealed‘ in
place by applyingadrop of Glyptal or other adhes.we
to prevent accidental movement of the alarm sgttang.
The combustibles readout should be fully recahbratedl
before using the instrument.

Replace the case top. Refer to Section 4.3.5.2 for
replacement instructions.

The instrument should be fully reca|ibrgted'pefore it
is used, Reler to Section 4.2 for calibration pro-
cedures.

4.3 REPLACEMENT OF MAJOR
COMPONENTS

The sensors of the MX241 will require occasiong;l
replacement, The output of the oxygen sensor will
gradually decline until it is no tonger possible to
calibrate the instrument. The combustible gas sensor
will also experlence a gradual loss of response. it
may burnopen a sensing bead, which wi!l'qause the
instrument to go into a malfunction condition.

When either sensor needs tc be replaced, refer to

19

the following procedures. Sensors should only be
replaced by qualified repair technicians.

The battery pack of the MX241 may occasionally
require replacement. The pack shouid last for at
least 1000 charge/discharge cycles. '

WARNING: THE USE OF ANY PACK QTHER THAN

INDUSTRIAL SCIENTIFIC CORPORA-

TION PART NUMBER 1702-4688, MAY

DAMAGE THEINSTRUMENTAND WILL
INVALIDATE ALL APPROVALS.

Apparent reductions in battery capacity may be the
resull of repeatediy using the instrument for a short
period and then recharging. A fully charged battery
pack that does not deliver power for eight hours of
continuous moniloring may have developed a
“memory’ condilion. To overcome this, the battery
should be subjected to a deep discharge and then
fully recharged. This should be repeated several
times. if eight hours of operation cannot be obtained,
then replace the battery pack

4.3.1 PRELIMINARY INSTRUMENT
DISASSEMBLY

Toreach the sensors or the battery pack, the instru-
ment must be partially disassembled. All replace-
ment procedures should begin as described in this
section. After preliminary disassembly, refer to the
specific section covering the assembly that is being
replaced.

4.3.1.1 Use the 5/64 hex key provided with the
instrument to remove the 6-32 screws on either side
of the instrument. Back olf the knurled knob of the
strap assembly as far as possible. Use a 5/16 nut

20

AR300618

f




driver to unscrew the center post of the strap as-
sembly. The case top will now lift off of the instrument.

4.3.1.2 Toavoidpossible damagetothe electronics,
unsolder the buss wire connecting the on/off switch
to eyelet E26 on the bottom left-hand corner of the
mother board. Separating this wire from the switch
willturn off the instrument. If the oxygensensoristo
be replaced, stop here and refer to Section 432 1f
the battery pack or combustibles sensor are to be
replaced, continue with 4.3.1.3.. .

4.3.1.3 Remove the threé screws holding the PC
boards onto the instrument brackets. Take care not
tolose the three spacers which set between the two
boards and will be free once the screws are removed.

The two boards will swing up and out to the right to

reveal the assemblies in the case bottom.

4.3.2 OXYGEN SENSOR REPLACEMENT

Replacement oxygen sensors, ISC Part Number

1701-9282, may be obtained from the local distributor’

for Industrial Scientific Corporation,

They are shipped in a seated bag to prevent aging of
the oxygen cell by exposure to air. The seal shouid
not be broken untii the cell is about to be placed in
the instrument.

4.3.2.1 Desolder the red sensor wire from eyelet
EY of the mother board and the biack Sensor wire
from eyelet E30 of the auxiliary control board.
Remove the old sensor and the adhesive foam pad
between the old sensor and the oxygen block

4.3.2.2 Take the new sensor out of its sealed bag.
Solder the RED sensor wire into eyeiet E1 of the

21

mother board. Solder the BLACK sensor wire into
eyele( E£30 of the auxiliary contro! board,

4.3.2.3 Remove the protective paperfrom the foam
pad on the tace of the sensor. Taking care that the
opening in the pad lines up with the opening in the
oxygen sensor, press the new sensor into place.
Note that the red tab at the front of the sensor must

- - 8it just above the edge oi the display board for the

sensor 1o seat properly,

4.3.2.4 Refer to Section 4.3.5 for instructions on
reassembling the instrument,

4.3.3 COMBUSTIBLE SENSOR

=+ REPLACEMENT

Replacement combustibie gas sensors, Part Number
1702-5172 may be obtained directly from Industriaj
Scientific Corporation or from the local distributor of
industrial Scientilic products. They are shipped as a

_-complete assembly, ready to be belted into the

instrument,

4.3.3.1 Remove the three screws which hold the
bezel onto the beveled surface of the Case bottom
and remove the bezel Note that the protective
Screens under the bezel wili faii free when the bezel
IS femoved.

4.3.8.2 Desolder the red, biack, and white wires of
the combustible sensor from eyelets E6, E7,and E8
of the mother boarg,
4.3.3.3 There will be four small screws visible on
the beveled surface of the case bottom Remove the
two which are nearest the charging jack receptacie.
This will free the old sensor. Take care not to mis-
place the small gasket found between the sensor
and the case,
22
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4.3.3.4 Solder the three wires of the new sensor
into the mother board. entering from the non-
component side. The RED wire goes to eyelet E§,
the WHITE wire goes Lo eyelet E7, and the BLACK
wire goes to eyelet EB. Place the sensor on the
beveled surface of the case. making sure that the
gasket is properly posifioned between the sensor
and the case. Attachthesensor using the two mount-
ing screws that enter from the bezel side of the

beveled surtace.

4.3.3.5 Laylhethreescreens intotheirreceptacles
inthe beveled surface. Laythebezelover t‘he screens
and fasten the bezel with its three mou nting screws.

4.3.3.6 Reier to Section 4.3.5 for instructions on
reassembling instrument

4.3.4 BATTERY PACK REPLACEMENT

CAUTION: DAMAGE MAY OCCURTO THE
INSTRUMENT iF COMPONENTS ARE
SHORTED DURING THE FOLLOWING
STEPS.

4.3.4.1 Desolder the red battery lead from eyelet
E22 and the black battery tead from eyelet E21.

CAUTION: DAMAGE MAY OCCUR TO THE
INSTRUMENT IF THE BATTERY LEADS
ARE ALLOWED TO TOUCH THE
PRINTED CIRCUIT BOARDS

4.3.4.2 The battery pack is heid in the case by

double-back icam adhesive. Care must be laken not
to damage the earphone contacts in the bottom or

23

. ?ea}ssembling t,'f ig§trument.

distort the case while removing the damaged battery
pack. Using a screwdriver, gently pry the pack out of
the case boltom.

4.3.4.3 Any foam left in the case bottom must be
removed before installing the new battery pack
Failure lo do so may make the battery pack too high
and interfere with the mother board.

4.3.4.4 Remove the protective cover from the
adhesive foam on the bottom of the new pack Care-
tully place the baltery pack in the case bottom. The
battery must be under the bottom bracket to insure
sufficient room will be left tor the small regulator

board mounted on the bottom of the mother bo.
1y

4.3.4.5 DO NOT allow the ieads of the new bat

pachk to touch each other or {o touch any portion of
the printed circuit boards while soldernng the leads
into place Entering the mother board Irom the non-
component side, solderthe RED battery wire to eye-
let EZ22 and the BLACK battery wire to eyelet E21.

4.3.4.6 Use avoltmeter to confirm that the voltage
at eyelet E26 is hegative with respect_to the right-
handterminal{at eyelet27) of the on/olf switch. ifitis
not, anerrot has beéenmade. Referto Sectlion4.34.5
for the proper wiring connections.

4.3.4.7 Refer to Section 4.3.5 for instructions on

4.3.5 REASSEMBLY OF THE INSTRUMENT

4.3.5.1 If the PC boards have been lifted to reach
the baltery pack orcombustibles sensor, replace the
mother board on the three mounting brackets, care-
fully laying the wiring service loops intoc the case

24
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bottom. Do not force the board down. Rework the
service loops gently if there is difficulty replacing the
board. Use the three mounting screws and three
spacers tore-attach the display board/mother board
assembly tothe case bottom. Reslore the connection
from the an/off switch to eyelet E26 on the mother
board. -

4.3.5.2 Place the case top onto the instrument,
making sure that it is properly seated all around in
the gasket. Fasten the case together with the two
6-32 screws and the strap mounting post. Tighten
the strap mounting post with a5/16 nutdriver before
screwing the knurled collar back into place.

4.3.5.3 The instrument should be fuliy recalibrated

before it is used. Refer to Section 4.2 for calibration

procedures, . . - - . I
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5.0 REPLACEMENT PARTS LIST

ITEM  DESCRIPTION

1 Case Bottom with Jack
2  Battery Pack, Potted, 750 mAtH
4.8V
3 Screw, 4-40 x t1/4, Cross
" © " Recess, Flathead
4  Gxygen Adaptor Block
S Oxygen Cell Plate
6 "Buzzer Shock Mount Pad
7 Audio Indicalor
8 Oxygen Sensor Assembly
_(See note Page 26)

87 "Sciew. Panhead, Nylon,

4-40 x 3/8

10 Washer, Molded, #4, Nylon

11 Oxygen Cell and Buzzer Cover

12  Detlector Block Gasket

13 MX241 Detector Block Assy.

{See note Page 26)

14  Screw, Cross Recess, Flathead.
Undercut 2-56 x 1/4

15  Screw. Cross Recess, Flathead,
Undercul 2-56 x 3/186

16 Screen, 10-200 mesh .422x861

17  Screen, 10-200 mesh, 1.032 dia.

18 Screen, 10-200 mesh, 313 dia.

19 Bezel

20  Screw, Cross Recess, Flathead,
Undercut 2-56 x 1/8

21 Auxiliary Control Board
Mounting Pad

22- Auxiliary Control Board Ass'y

26

ltem numbers refer to Figure 3 {Exploded View).

ISC Part No.

1701-0835%
1702-4688

1701-2378

1701-7337
1701-°684
17017322
1/02-38%6
1701-9282

1700-8533
17018714
1701-8080
1701-0737
1702-5172
1701-4568

1701-9290

_1701-064¢6

1701-0653
1701-0661
1701-0620
1701-7914

1701-9084

17G1-9076

AR300621
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ITEM DESCRIPTION ISC Part No.

ﬁ Figure 3 Parts List (con't)

"23  Switching Regulator Board 1702-4795
Assembly

—- 24 MX241 Mother Board Ass'y 1701-0786

25  Liquid Crystai Display Board 1701-0844

Assembly

26  Screw, 4-40 x 3/8, Panhead, 1700-4540

- - Stl. CP ,

27  Spacer, Nylon.188 x.116 iD 1701-0745
X.203L .

28  Gasket, Molded 200 Series 1702-4589

29 MX241 Faceplate 1702-5248

30 Case Top Assembly 1701-0888

31 Calipbration Cover w/Pin 1700-5380

32  Strap Assembly 1700-4078

33  Washer, #6, internal, Stainless 1701-G787
Steel

34  Screw, Socket Buttonhead, 1701-3558
6-32 x 3/16, SST

35  Auxiliary Control Board 1701-9746
Shielding Pad

Figure 3.
Exploded View
27 28
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Figure 5.
MX Display Board
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NOTE: The catalytic combustion sensor has a shelf
life of several years when stored in a ciean
atmosphere at temparatures between-20°C
and 55"C. The recommended storage temp-
arature for the instrument and sensor is be-
tweaen -35°C and 40°C.
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LABORATORY SERVICES |nme

SECTION REVISIONS EFFECTIVE DATE PAGE

@ -

4.0

5.0

6.0

DIVISION Adaptation of CLP Inorganic Requirements to
PROCEDURES MANUAL Anatyses fof Non-HSL Paramaetars
1.0 REFERENCES

. USEPA Contract Laboratory Program, “Statement of Work for
Inorganics Analysis, Muiti-Media, Multi-Concentration, SOW
No. 785," USEPA, 7/85.

. LSD laboratory procedures or other standard references {(e.q.,
Standard Methods, EPA Mathods for Chemical Analysis of Water
and Wastes, Fedaral Registar).

. LSD Procedure CLP-1.0, CLP Project Records

. LSD Procedure CLP-3.0, CLP Analysis, Data Review and Report
Preparation

2.0 SCOPE

This procedure is to be used 10 analyze samples for non-HSL paramaeters

according to CLP protocol, whenever it is referenced in a project work .

pian.

PRINCIPLE OF METHOD

See the appropriate LSD Procedure or standard reference.

INTERFERENCES

See tha appropriate LSD Procadure or standard refarence.

PROCEDURE

See the appropriate LSD Procedure or standard reference.

QUALITY CONTROL REQUIREMENTS

6.1 Cailbration
Systern callbration (instrument calibration, titer standardization,
or analysis of a standard curve) is to be performed as directed in
the appropriate LSD Procedure or standard reference. The
calibration should be performed whan required by the method or

to bring the recovery of an out-of-control calibration
varification standard into control. (See 6.2.)
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* 6.2 Calibration Verification

621

6.2.2

€.3.1

6.3.2

A calibration verification standard is a standard
prepared from an EPA QC Standard (when available) or
from the stock standard solution (when EPA QC
Standard is not availabie). A calibration varification
standard is to be analyzed at the baginning and end of
of a run, and foliowing every 10 analytical samples.
{Blanks, duplicates, spikes, and samplies ali count as
~analytical sampies”) For analyses In which a
distillation step is followed by & coloring step (as in
phanol analyses), the varification standard is to be
redistilled each time In order to verify the distiliation
process as well as the coloring process.

NCTE: | the preparation of a verification standard is
difficuit or excessively time-consuming (as for nitrite,
residual chiorine, or sulfide), the  calibration
verification is not required unless otherwise stated in &
project work plan.

The control limits for the percant racovery (%R) of the
calibration verification are 85-115%. If the recovery
of a verification standard is outside these limits,
corrective action to vyield acceptable recovery is
required. In addition, all samples analyzed bstween the
nonconforming verification standard and the previous
acceptable verification standard must be reanalyzed,
{If recovery was unacceptable because it was greater
than 115%, samples with results below the dataction
limit do not need to be reanalyzed.)

6.3 Prsparation Blank

A preparation biank is an aliquot of DI water taken
through a preparation step or a serles of preparation
steps (such as distilistion) prior to the determination of
its analyte concentration. :

A preparation biank Is analyzed whsnsver a procedure
has one or maore praparation steps.

Zof‘
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6.3.3 A preparation blank is to be snalyzed for each set of
sampies preparad on the Ssame day. If different
matrices are prepared by separete procedures, a
preparation biank for each matrix must be prepsrad and
analyzed.

634 The biank must not contain the analyte at a
concentration greater than the detection limit. If this
limit is exceadad, -all samples preparad with the out-of-
cantrol blank at a concentration less than ten times the
detection ilimit and greatar than the detaection Ilimit
must be reanalyzed. )

6.4 Duplicate

8.4.1 Cne in twenty samples of sach matrix of 8 case is
praparad and analyzed in duplicate. The same sample
aiiquot should be used for the original and dupiicate
daterminations whenever sample volume or mass
permits,

65.4.2 The control limits for the relative percent difference
{RPD)} of tha dupiicate analysis are 0-20 percent if the
rasults are greatar than flve timas -the method
detaction limit. If the resuits are lass than or squal to
five times the method detaction limit, the RPD control
limit is £ the method detection limit.

o-D
RPO = | IV | x 100
Where:

O = Original rasult
D = Duplicate resuit

The control {imits are advisory; corrective action is not
required if the limits are exceeded. However, If a
dupiicate analysis exceeds the control limit, the resuits
of all sampies in a case of the same matrix as the out-
of-control duplicate must be flagged with a star (*).

RS I3
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6.5 Matrix Spike
¥
; 6.5.1 One in 20 samples of each matrix of a case is spiked
prior to sample preparation with & known amount of
. standard for each parameter for which a stabls
‘ standard solution is available. Tha sample aliquot used
! for the unspiked dsterminations should matrix spiks
aliquot whenever sample volume or mass permits.
6.5.2 The control limits for the percent recovery {%R) of the
spike analysis arg 75-125%.
%R = SSR-OR
Y
Whare:
SSR = Spiked sample resuit
OR = QOriginal result
SA = Spike added
The control limits are advisory; corrective action is not
requirad if the limits are exceeded. I[f the limits are
exceedad, the results of all samples in a case of the
same matrix as the out-of-control spike must bae
fiagged with ths fetter "N.* However, if the sample
concentration exceeded the spike concentration by a
factor of four or more, the splke recovery should not be
considered and the results reported unflagged.
7.0 REAGENTS
See the Ap:propriatg LSD Procedure or standard referancg.
8.0 APPARATUS
Sea the sppropriate LSD Procedurs or standard refersncae.
9.0 DOCUMENTATION
8.1 ~Documaentaticn of the analysis of the sampiés must be made in a
bound laboratory notsbook. See Figures 1-5 for samples of the
required documentation.
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Non-HSL Parameters Forms | through V are completed 1o
document sampie results and applicable quality control data.
{See Figures 6-10.)

L ]

form |

The results of sampies anslyzed for a particuiar parameter
are recorded on Form . Results of aguecus samples are
reperted in mg/L; results of solid samples are reported in
mp/kg on a dry weight basis. (Multiply the mg/kg result of
the wet analysis by 100 divided by the percent solids to
express the result on a dry waeight basis.)

Results are reported to two significant figures down to the
detection iimit.

Daviations from the procedure or any analytical problems
ancountered shouid be described under the "Comments”
section. Any quailflers used should aiso be identlfied in the
“Comments” section. These inciude, but ara not limited to,
the following:

u - Analyte not detectad

E ~ Analyta concentration estimated dus to
intarference

s - Resuit determined by Method of Standard
Additions

N - Spike sampla recovery not within control limits

* =  Duplicate analysis not within control! limits

Form |

“The true valus, -t'hé actual value, and the parcent racovery of
" gach’ cslibration verification standard are recorded on

Form il. The sourcs of the verification standard (EPA QC
Study number or manufacturer and {ot numbaer) is recorded at
the bottom. (Use attachrmnent if multiple sources will not fit
in the space provided.)

RR3006
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Form lil

The resuits of the preparation blank analyses are recorded on
Form lll. In addition, if a reagent blank is used to determing
sample resuits, the value of the reagent blank is also
recorded on Form IIl. The units should be indicatad with sach
bfank vaiue (mg/L, abs, mis).

Form v

The resuits of the Spike analysis are recorded on Form v,
Form v

The resuits of the duplicate analysis are recorded on Form V.,

AR300636
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FIGURE & }
NON-HSL PARAMETERS
Farm T
Date:
LAB NAME:  NUS Corparation CASE NQ:
PARAMETER:
MATRIX: Water Soil Studge QOther
mg/L or mg/kg (dry weight) or Other
NUS SAMPLE NO. CLIENT SAMPLE NO. © RESULT
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FIGURE 7 NON-HSL PARAMETERS
FORM 11
CALIBRATION CHECK STANOARDS(;)

LAB NAME__ NS Corporation - CASE NO.

UNITS

PARAYETER TRUE VALUE ' .- FQUND % RECQVERY
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rouRE § NON-HSL PARAMETERS ’
FORM 111
BLANK
LAR NAME NUS Corporation CASE NO. ]
DATE
MATRIX
PARANETER BLANK VALUE
1
2
3
4
5
6
7
B
)
10 -
11 _
12
13
14
15
16
17
18
19 i
20
21
22
23
24
25
@ The blank value fs from a method blank, an aliquot of DI water which
undergoes the same analytical treatment as a sample except any
distillation or digestion procedures. This value is subtracted
from the sample value to obtain the net value used to calculate the
sample result.
@) The blank value is from a preparation blank, an aliquot of DI water
which undergoes the same analytical treatment as a sample, including
any distillation or digestion proceduyres. ﬁ " 3 O 0 6 L} h

——————————————
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FIGURE 9

NON-HSL PARAMETERS

FormIV

SPIKE SAMPLE RECOVERY

LAB NaME NUS Carporation CASE NO.
CLIENT SAWPLE NO

DATE ‘ LAB SAMPLE ID N0
UNITS ST

Mazrix

. Spiked Sampie | Duplicate Spiked
Parameter - Result (SSR) | Reault (DR) | Added (Sa) | D)

2.

4.
s.
6,
7.
8.
9.
10.
11.
12.
13,
14,
15,
16. .-
17. -
18, ‘
.19
20, ‘
21.
.
21,

24,

Uz - [($52 - DRI/SA] x 100
W= out of contrel
Commen:s:
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FIGRE 10 NON-HSL PARAMETERS
' ) Far= ¥
DUPLICATZS .
LAY Haxz _ NUS Corporation CASE NO.

BAZZ

Hatrix

CLIENT SAMPLE Ng.
LAB SAMPLE ID NO,

UNITS

Paramater |

M
Concrol Li:im { _ Sa=ple(s) } Duplica:e(b@f L”@
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CLEAN WATER MATRIX DETECTION LIMITS

ORGANIC COMPOUNDS
Hazardous
‘ Priorty Toxicity Waste Detection
Parameter AppenducIX | HSL Poliutants g::::;t::::; Constituents (:I;/C)
with TCLP
L——_“_-_—_—m
Volatile Compounds '
acetone X X X 10
Acrolen X X 100
Acryipnit-ue X X X 100
Benzene X X X X 5
8romoform X X X 5
2-Butanone ‘Methyl ethyl ketone) X X X 10
Carbon tetracnioride X X X X X 5
Carbon disulfide X X X X 5
Chlorobenzene X X X X 5
. Chlorodioromoethane X X X 5
. Chloroethane X X X 10
2-Chiorpethyl viny! etrer X X X 10
Chigroform X X X X 5
Dnchigroaromometrane X X X 1
* 1-Dichioroethane X X X 5
. 2-Oichrargatnane X X X X 5
1.1-Dichicroethylene X X X X 5
1.2-Dichlaropropane X X X 5
os-1,3-Dichloropropylene X X X s
trans-1.3-Dichioropropylens X X 5
2-Hexanore X X 10
Ethylberzene X X X X 5
Methyl bromide X X X 10
Methyl chioride X X X 10
Methyiene chionde x X X X X 5

|

NUS CORPORATION "BRR3008L8
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TABLE 5

CLEAN WATER MATRIX DETECTION LIMITS

ORGANIC COMPOUNDS

PAGE TWO
Hazardous
: . Prionty Toxicity Waste Detection
Parameter Appendix1X | HSL Poliutants E::::::::,:':, Constituents (;I;/IE)
’ with TCLP
4-Methyi-2-pentancne X X X 10
11,2.2-Tetrachioroethane X X X X 5
Styrene X X S
Tetrachoroetnyiene X X X X X 5
Toluene X X X X X 5
1.2-t=ans-Dichioroethylene X X X S
1.1.1.Trnchigroethane X X X X X 5
1.).2.Tnthiproethane X X X X 5
Trichlgroethylene X X X X X 5
vinyl acetate X X 10
vinyl chlorde X X X X 10
Xylene total X X X 5
Acetonitrile X 10
Allyl alcohol X 100
2.Chloro-1,3-butadiene X 5
3.Chloropropene X 5
3.Cnlaropropionitrie X 10
1,2-Dibromoethane X 10
Oibromomethane X E
trans.1 4.dichloro-2-butene X 5
Dichiorodiflucromethane X 5
1.4-Dioxane X 100
Ethyl cyamide X 10
Ethyl oxide X 10
Ethyl methacrylate X 5
todomethane X 5
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i TABLE 5 : ce s

. CLEAN WATER MATRIX DETECTION LIMITS

3 ORGANIC COMPOUNDS

} PAGE THREE

% » Briorty Toxicrty Ha:\/:::us Detection

£ Parameter AppendixIX | HSL Pallutants E::craa:'e:::; Constituents | - (:;/t)

; with TCLP

! 'sobytyl aicohal X X w

p Sentacnioroethane X 10

' 2-2ronyn-t-of X 3000
1,1.1,2-Tetracrioroethane X X 5
Trichioromethanethiol X 10
Trichtoromonofiugromethane X X 5
1.2.3-Trichioropropane X 5
n-8uty! alcohol X ND
Cyclorexanone X ND
Ethyi acetate X ND
Ethyl ether X ND

' . Methyiisobutyl ketone X 5
1,1.2.Trchioro-1.2.2trifluoretnane X ND
Methanol X 750
Acid Compounds
2-Chloropheno) X X X 10
I.i-Dichlorophenst X X X 10
2.4-Dimethyiphenol X X X 10
4,6-Drmitro-o-cresol X X X 50
2.8.Dvtropheno! X X X 50
2-Nitrophenol X X X 10
a-Nitroohenol X X X 50
p-Chlors-m-cresol X X X 10
pertachioroprenos X X X X X 50
Phenal X X X X 10
@
i
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TABLE 5 -
CLEAN WATER MATRIX DETECTION LIMITS
ORGANIC COMPCUNDS
PAGE FOUR
Hazardous
‘ Prionty Toxicty Waste Detection
Paramater AppendixiX } HSL Characteristic Limit
Pollutants Contaminants Consutuents (ug/L)
with TCLP

[Feemmemorommenot XXX X ] X ] 0]
2-Methyip~enal X X X 10
4.pethylphenot X X X i0
2.8,5-Trichiorophenot X X X SC
2,6-Dichlorophencl X 10
2.3,4.6-Tetrachlorophenol X X X 10
3-Methylphenol X 10
2,8,5-Trichlorophenol X 10
2.sec-butyl-4,6.dinitrophenal X 20
Base:Neutral Ecmpounds
Acenaphthens X X X 10
Acensphthylene X X X 10
larire X 10
Anthracene X X X 10
Berzdine X X 50
Berzo(a) anthracene X X X 10
Benzo (a) pyrene X X X 10
8enzoic acd X X 50
3.4-Benzofluoranthene X X X 10
Berzo {ghi) perylene X X X 10
Berzo (k) fluoranthene X X X 10
Benzyl alcchol X X 10
tus (2-Chlaroethoxy) methane X X X 10
bts (2-Chiaroethyl) ether X X X X 10
tus (2-Chloratsopropyl) ether X X X 10
bis (2-Ethylhexyl) phthalate X X X 10
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TABLE 5. - e T

CLEAN WATER MATRIX DETECTION LIMITS

ORGANIC COMPOUNDS

PAGE FIVE

) Prionty Taxicity Ha:v:::us Datection
Parameter Appendix IX HSL Pollutants Characteristic Constituents Em“t
Contaminants weith TCLP {ug/l)

L———-——————-——
4-Bromopnenyi pheny! ether X X X 10
Butytbenzy! phthalate X X X 10
2-Chicronaphthalene X X X 10
4-Chioroanmihine X X 10
4.Chlorophenyl phanyi ether X X X 10
Chrysene X X X 10
Dtbenzo (a. k) anthracene X X X 10
dibenzofuran X X 10
1,2-Dichiorobenzene X X X X X 10
1,3-Dichiorobenzene X X X 10
1.4-Dichiorobenzene X X X X 10
3-3 Dichiprobenzidine X X X 20
Digthyr phthalate X X X 10
Dimethyl phthalate X X X 10
Di-n-butyl phthalate X X X 10
2.Nitroanaline X X 50
3-Nitrganitine X X 50
2 4-Dintrotoluene X X X X 10
2.6-Dinotrotoluene X X X 10
Di-n-gctyl phthalate X X X 10
1,2-Diphenyihydrazine {as azobenzene) X X 10
Fluoranthene X X X 10
fluorene X X X 10
Hexachlorobenzane X X X X 10
Hexachlorobutadiene X X X X 10
Hexachioracyclopentadiene X X X 10
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g TABLE 5
CLEAN WATER MATRIX DETECTION LIMITS
{ ORGANIC COMPOUNDS
i PAGESIX
E Prionity Toxicrty Ha;::::us Detection
Parameter Appenrdix X § HSL Pollutants Charactaristic Constituents Limit
Contamnants | © o {ug/L)
i
indena (1,2.3-cdl pyrene X X X 10
i isopho-one X X X 10
2-Methylnaphtnalene X X 10
g Naphthaiene X X X 10
Nitroberzene X X X X X 10
% N-Nitrosommethylamine X X 10
N-Nitrosodi-n-propylamine X X X 10
i N-Nitrasodiphenylamire X X 10
ohenanthrane X X X 10
i Syrene X X X 10
1 Syndine X X 5
1.2.6-Trchlorobenzene X X X 10
] a-Nitroandine X X 10
Acatophenone X 10
2-Acetylaminofluorene X 10
4.Aminckiphenyl X 10
Senzerethial X 10
2-Picoline X 10
p-Benzoguinane X 10
Dibenzo (a,e) pyrens X 10
Dibenzo {a.h) pyrene X 20
Dibenzo (a,i) pyrene X i0
3,3-Dimethoxy-benzidine X 50
p-Dimethylamincazobenzene X 10
7,12-Dimethylbenzo (a) anthracene X 10
3,3-Cimethylbenzidine X 50 .
i
1
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TABLE 5

CLEAN WATER MATRIX DETECTION LIMITS

ORGANIC COMPOUNDS

PAGE SEVEN

Hazardous
K . Priority Toxiaity . Waste Detection
Paramezer AppendixiX } HSL Pollutants g:::::;r::; Constituents (;:;n/x{)
with TCLP

m -
p-Dimtrobenzene X 10
Dipheny amine X 10
Hexachlorodibenzo-p-dioxing X X ND
Hexadchlorodibenzoturans b 4 X ND
Hexachlorophene X 1000
Haexachlaropropene X 10
tsosafrole X 10
Matonitrile X 5
Methapyriene X 10
3-Methyicholanthrene X 10
4 4’ -Methylene-bis-{2-chioroaniline} X 50
Methy! methanesuifonate X 50
1.4-Naphthoguinone X 10
*.Naphthylamine X 10
2-Naphthyfamine X 1Q
N-Nitrosodi-n-butylamine X 10
N-Nitrosodiethylamine X 10
N-Nitrosomethylethylamine X 10
N-Nitrosomorpholine X 10
N-Nitrosopioendine X ' 10
N-Nitrosopyrrotidine X 10
5.Nitro-0-tolutdine X 10
Pentachlorobenzene X 10
Pentachlorodibenza-p-dioxing X X ND
Pentachiorodiberzofurans X X ND
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TABLE 35

CLEAN WATER MATRIX DETECTION LIMITS
ORGANIC COMPOUNDS
PAGEEIGHT
Hazardous
Priarity Toxicity Waste Detection
Parameter Appendix (X | HSL Pollutant Characteristic c ] Limit
ollutants Contaminants onstituents (ug/u
with TCLP

Pantachtoronizrabenzene 5

X
Prenzcatin X 10
2esorzrol X 10
Safrole X 10
1,2,45-Tetrachlorobenzene X 10
2,3,7,8-Tetrachlorodrbenzo-p-dioxin X X X 0.1
Tetracniorodibenzofurans X X ND
i Teos (2,3-dibromopropyl) phosphate X 200
; _{ Pesticides/Polychiorinated Biphenyls
(PCBSs)
Aldrin X X X 0.05
Arocnior 1016 X X X 0.5
arocnlor 1221 X X X 0.5
{arothior 1232 X X X 0.5
"l arochior 1242 X X X 0.5
| aracnior 1248 X X X 0.5
Argchior 1254 X X X 1.0
Arochior 1250 X X X 1.0
2ipha-8HC X X X 0.05
beta-8HC X X X 0.05
- Jdeita-BHC X X X 0.05
gamma-BHC (indane) X X X X 0.05
Chlordane X X X X 0.5
Chlorobenzitate X 5
4.4'DDD X X 0.10
4,4 DDE X X X 0.10
4.4’ DOT X X X 0.10
NUS CORPORATION
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TABLE 5 . . e
CLEAN WATER MATRIX DETECTION LIMITS

ORGANIC COMPOUNDS
PAGE NINE
' Prionty Toxicity Ha;aaf:::us Detacr:on
Paramezer AppendixIX | HsL Poltutants CC::::::::; Constituents (;F;/t)
with TCLP "

MM
0.0-dietnyl-0-2-oyrazinyl phospharotmioate X . 10
Drsulfoton X 10
Endosulfan sutfate X X 0.10
aipha-Endosuifan X X X 0.05
beta-Endoasulfan X X X 0.10
Enann X X X X ‘ 0.10
£rdrin aldehyde X X 0.10
Endrir ketone - X 0.10
famphur X 10
Heotachior X X X X 0.05
Heptachior epoxide X X X 0.05
1sodrin X 5
Kepone X 5
“Methoxychior X X X 0.5
Methyl parathion X 10
Parathion X 1
Pharate X 10
Pronamide X 10
Toxaphene X X X X 1.0
Terraethyldithio-pyrophosphate x iQ
Herbicides
2,4-Dichlorophenoxy-acetic acid X X 1.3
Stivex X X 1.3
2.4,5-T X 1.3

ND - Not Determined
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